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PREFACE TO E^J^LISH EDITION 

Ti£k ‘‘ Hamlbui'h tier Farbenfabrikatioii" by George Zerr 
and Dr. H. Uiibeneanip at once achieved success, being 
recognised as a great advance on anything previously 
published on this subject. 

There being no English work on Colour Manufacture 
approaching it in the fulness of its scope, the completeness 
of its details and its treatment of modern practice, 
arrangements were made with the enterprising Publishers, 
Messrs. Charles Griffin and Co., Ltd. (whose standard 
Manuals on Colour Manufacture by the late Geo. H. 
Hurst are so well known), to issue an English edition, and 
I am indebted to them for the careful oversight of my 
translation. 

My experience of English practice has led me to omit 
certain portions of the German text which I judged to be 
of comparatively small value to English readers, and, on 
the other hand, I have added notes necessitated by recent 
developments in Colour Manufacture, some of which are 
based on my own piuctice. 

CHARLES MAYER. 

BiIKODORF (SwiTZKRr.ANU) 

July 1908. 




ADDENDA 

PAQi-: Ml, LINE tl— Pale lemon chromes can also bo produced without 
sulphuric acid bj direct precipitation of load acetate with a solution 
of potassium bichromate, partly neutralised with soda. The solution 
must be very dilute, and be used at 3° to 4® C. These chromes are very 
soft, of very low specific gravity, and are of a greenish pale lemon 
shade. 

Page 171, line A.—Oxi<Uitioiiwith Chlorine .—Experience proves that 
the oxidising medium has particularly a toning influence, while the 
colouring power, the si>ecific gravity, and the depth of the shade 
rather depend on the strength of the solutions used and the manner 
and duration of boiling. 




INTRODUCTION 


During the last decades the colour industry has made an extraordinary 
advance, the extent of which may be estimated from the manufacture 
of lake-colours, and more especially by the increase of scientific method 
and technical skill brought to bear on the preparation of artificial mineral 
pigments. 

Up to within the last quarter of a century the managers and workmen 
employed in the latter department were to a large extent devoid of any 
chemical training, whereas at the present time all the more important 
colour factories are controlled by chemists having a thorough practical 
and theoretical knowledge of the subject. It is in consequence of this 
change of management that tlie recent progress in this industry has been 
so rapid. At the same time tliere has grown up an extensive and highly 
technical .literature, which has had an important influence in bringing 
about this satisfactory advance. 

As the current technical literature is constantly pouring forth an enormous 
supply of fresh material with no apparent system, since each branch of the 
industry has its own special periodicals, there is an immediate need for a 
manual dealing with the colour industry as a whole. It should work up 
the accumulated material in a comprehensive and systematic way, eliminate 
what is superfluous and obsolete, supplement and bring up to date that 
which is old, and tliereby serve as a standard reference book for the 
colour industry. 

On the one hand, such a manual should serve as a work of reference to 
the chemist, whence he can get useful advice, whether he be a novi^g ox 
already has some practical experience. On the other hand, the manual 
should fulfil the requirements of those who, whilst acquainted with the 
practical side of colour-making, possess at the most only a little theoretical 
exMrience, as well as the needs of merchants engaged in the colour trade ; 
and the information it affords should be given in a readily comprehensible 
manner. Moreover, in consequence of the different applications of the 
{Ngment colours to technical purposes, the number of customers is naturally 
very large. Furthermore, seeing that a successful and advantageous use of 
colours is dependent on a thorough knowledge of their qualities, the authors 
are faced by the additional task of giving advice to the various users, so as to 
aimplify and facilitate their work. 

In consequence, this manual is primarily intended to meet the require¬ 
ments of practice. It does not lay claim to be a perfect compendium of colour 
manufacture; it does not mention all the innumerable patents connected 
-Wife the industry, or specify all the proposals and experiments made by 
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colour chemists for the purpose of iimjdfifylrig and Imiitoyliig &e (trciceaseV 
of manufacture. • ■ ^ ^ 

By abandoning these pretensions a d^l. Of matter that has no pr^tcal 
value is avoided. On the other hand, the materials utilised in practice and “ 
the methods actually employed will be treated with sufficient fulness toi 
enable,the technical reader or those desiring to become acquainted with 
colour'making to find useful information and reliable advice, 

The manufacture of colours is one of the oldest branches of industry 
about which documentary evidence exists, the use of colours being of 
great antiquity, and copious evidence is available in the form of old works 
of art and architectural monuments respecting the use of colours in 
historical and prehistoric times. That the ancients not only understood 
colour-making, but also the process of dyeing, is proved by old Egyptian wall 
pictures representing human figures clad in coloured garments. Besides 
the Egyptians, the Chinese, Phoenicians, and Greeks paid attention to 
colour-making even in the earliest ages known; and during the course of 
many centuries continued progress was made. Subsequently the attempts 
of the aleheinists in connection with the production of gold were greatly 
beneficial, directly and indirectly, to the colour-making industry : directly 
by the discovery of a whole series of compounds in the course of experi¬ 
ments with metals and mineral substances, which compounds have proved 
highly useful as pigments, some of them being still in use for that purpose j 
tndirectly because the efforts and activity of these workers laid the founda¬ 
tion of the science of chemistry, on which the modern colour industry 
is based. 

Up to the discovery of America the dyeing and colour-making industries 
were chiefly carried on by Italians. Subsequently the Spaniards, Portuguese, 
and Dutch held tlie predominant place in the commerce of the world ; but 
though consequently the art of dyeing was more extensively practised, it 
made little if any progress in France, England, and Germany. The reason 
for this was that the guilds existing in these countries would only allow 
their members to use certain native dyeing materials, and restricted them to 
certain processes. Political motives also intervened, such, for instance, as 
the prohibition of the use of indigo and logwood in England, Germany 
(by the Imperial Diet at Regensburg in 1594), and I'.mce ( 1609 ), though, 
certainly that policy protected the cultivation of woad in the countries ia 
question. 

The first comprehensive work on the art of dyeing appeared in England 
in 1605 , and this work dealt with nearly all the materials then known:— 
namely, woad, indigo, madder, alder-bark, safflower, broom, ggUnuts, orchil, 
kermes, logwood, fustic. Brazil-wood, cochineal, &c. The eighteenth and 
^eteenth centuries witnessed unexpected developments in this industry. 
In 1690 the Dutch chemist Drebbel published a practical method of pre¬ 
paring cwhineal. Diesbach, of Berlin, first produced Prussian blue in ITOi. 
^Imele in 1742-86 prepared the green copper pigment bearing his neme 
V , 1826 Guimet, of Lyons, mMe artificial ultramarinej 

but kept the process secret, while Gmelin in 1828 gave directions for we 
technical preparation of this substance. 

The oldest of alTorganic dye-stuffs is picric acid, In 1845 GuiUHl 
recommended this product (which was already known) for Eyeing puitpemi 
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' Pliwte'AcMis an oxidation product of'phenol wliich. is derived I'rortrr.eoal 
tar,- Already in 1835 Konge had discovered, aniline also in coal tar. Later 
on Brdnejr drscovererl benzol, and thus gave the initial impulse to the 
enormously important coal-tar colour industry, fonnded in 1850 by Perkins' 
discovery of mauveine. 

A great number of chemical compounds possessing dehnite charscteristie 
colpurs are known, these colours for the moat part only appearing when ftp 
compounds are foiuned, and disappearing when they are decomposed. It 
frequently happens that one or more of the components forming these cor^'* 
pounds Iiave an entirely different colour from that of the finished compouiKia, ; 
Thus the combination of mercury and sulphur, for instance, funiisbes tbp 
beautiful red pigment vermilion, although neither of the original elementi. 
is of that colour. Similarly, the well-known ultramarine blue is produced 
from ingredients none of which is of that colour. Some ingredients of colour* 
ing matters, however, already possess to some extent the colour of thP 
finished product resulting from their combination; for instance, the reddish 
tint of the chromate of potash from which orange chrome is made, the 
blue colour of the copperas used in the production of Bremen blue, Ac. 
Experience shows that such characteristically coloured compounds cannot be 
produced in the same state of combination without exhibiting their speciat 
colour, neither can their colouring substance be isolated ; they must there¬ 
fore he regarded as substantive colours. 

These substantive colours may be mixed in any proportion with " white ” • 
snaterials-*-«.e., colourless in a scientific sense—to which they impart their 
own tint, forming a colouring matter from which the pigment can again be 
isolated. 

Most of the natural pigments used for technical purposes and called 
"natural mineral colours” belong to this category. These colours essen¬ 
tially consist of colourless salts, and owe their appearance more or less to 
admixtures of iron, manganese, copper, or chromium compounds, the- 
latter being therefore colouring matters in the true sense of the term, f 
Conversely, it is incorrect to speak of “colouring matter” in the e^e of ; 
the pure natural and artificial mineral colours, these being chemical coin-:, 
pounds in which the colour is a special inherent property. 

Artificial minera'.'coiours are those it has been found possible to manu¬ 
facture in imitation of tlie corresponding natural products. Progress in' 
efanmical analysis has enabled the elements composing the natural mineral. 
ikddurs to be detected; their artificial production followed as the next step ' 
In advance; and in this way many natural mineral colours formAIy very 
rare, and therefore very expensive, can now be cheaply produced in unUmited 
quantities, of purer condition and of a far more brilliant tint—for example, 
ultramarine blue, Breinen blue, &c. Such pigments—for instance, chrome 
yellow, Paris blue—as do not exist in nature have been placed in the same 
clmis as the aitificial mineral colours. 

In order to treat a subject in a thoroughly scientific and technical ,way 
It is. necessary to proceed on systematic lines ; but in endeavouring to 
«nive at a systematic classification of colouring matters great difficulties ate 
e^untered. In most cases the connection and relations between the 
and physical properties prevent any hard and fast line of demarca- 
Being drawn.. . Nor can any satisfactory system be established on Ihd 
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basis'of cheiiiical sWucture or shade of colour. Hence, in the first place^ it 
is preferable to divide these substances into two chief classes, vis.: 

I. The natural inorganic and organic colours. 

II. The artificial colours. 

Katursi colours are those found in nature in a finished state and 
generally obtained by mining. The question is therefore one about minerals, 
and we have to deal essentially with the wide subject ot the so-called earth 
colours Some other inorganic colours, such as vermilion, lapis lazuli, Ac., 
have almost gone out of use, their place being taken by the corresponding 
artificial products, which are better adapted for technical use. , . , 

The natural organic colours are met with in the vegetable and animal 
world, some being in the finished state (cochineal, purple snail, sepia), whilst 
others (indigo, madder) need preparation. . i . 

The artificial colours are subdivided into tlie inorganic and organic 

^ l^e inorganic pigments result from chemical transformations—viz., the 
formation of sjilts, the oxidation of metals, ike. The organic colours are 
obtained by complex chemical processes from a number of definite com¬ 
pounds, which are isolated from the distillation products of coal, and recently, 
in some cases, from peat and petroleum. Tliose colouring matters, too, are 
really indirectly derived from vegetable or animal substances, whose fossilised 
remains form the raw materials ibr the manufacturing processes. 

By adopting this .system the entire series of pigments can be classified 
into the proper subdivisioiis. 

In the first place it is neces.sary to explain the term “ salt ” in its chemical 
sense, since in the manufacture of chemical pigment colours w'e have to 
deal solely with simple transformations of saline substances, prepared for the 
most part by easy method.s, and almost exclusively employed for this purpose 
in the state of aqueous solutions. 

A sail is the product arising from the combination of a base with an acid. 

The term acid is generally understood in practice, whereas the meaning 
of the word base is less frequently comprehended. 

All elements enter into combination with hydrogen and oxygen, the 
’ resulting compounds being termed oxides if oxygen alone has entered into 
combination, and hydroxides if both hydrogen and oxygen are concerned^in. 
forming the product. Many of these hydroxides, and primarily those of all 
non-metallic elements, exhibit a sour taste and possess the property of 
dyeing litmus-paper red, thus proving themselves to be acids. Another 
property to be considered is their faculty of exchanging their combined 
hydrogen for a metal when they are allowed to react on metallic oxides. 
In such case the metallic oxide or hydroxide acts as a base. 

Bases” are elements or compounds with properties antithetical to 
. acids, and reacting with them to form compounds termed salts, in which 
the acid or basic properties are more or less lost, but which are themselves 
neither acids nor bases. 

By treating metallic zinc with sulphuric acid a certain proportion of the 
metal is dissolved. Tlie new compound formed has neither the character pr 
zinc nor that of sulphuric acid, but represents a salt—sulpbate of zlnc-^ 
exhibiting perfectly definite properties peculiar to itself. The same cwn- 
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pound Mn also be obtained by treating aine white, a combination of meial]i<i 
«|nc and oxygen (zinc oxide), in a similar way with sulphuric acid. In these 
reactions the metallic zinc and the zmc oxide act as bases. Metals and all 
analogous substances, as well as compounds, play the part of bases. 

Salts are divided into: 

1. Neutral salts. 

2. Acid salts. 

3. Basic salts. 

NetUral salts are those-in which the whole of the displaceable hydrogeft 
of the acid has been replaced by a metal. 

Acid salts are those in which only part of this hydrogen has been dis* 
placed by metals. They are still able in many cases to act like acids. In 
the basic salts, however, the character of a base still predominates, and in. 
fact they continue to exhibit a partially basic reaction. They therefore 
behave in relation to their bases in the same manner as the acid salts do 
to their acids. Hence the basic salts may be regarded as compounds ot 
neutral salts with the same unsaturated base as is present in a saturated 
condition in the salt. 

In addition to these tliree kinds of salts, there is another particular class, 
the so-called double sails, in which the hydrogen in acids containing more than 
one atom of displaceable hydrogen has been replaced by a plurality of bases. 
In giving the dehnition of salts mention has already been made of chemical 
compounds, and experience shows that the terms ^^combination” and “mix¬ 
ture " are very often confused. When fine iron filings are mixed with flowers 
of sulphur a powder is obtained which has no external resemblance to its 
constituents, and might therefore be considered as quite a new body This 
opinion, however, would be quite wrong, the product l>eing only a mixture, 
Mh the elements of which have retained tlieir properties. With the 
magnifying glass it can be readily seen that the iron and sulphur are still 
unchanged. On heating this mixture the whole mass suddenly takes fire—a 
sign of incipient chemical combination ; and when the whole is cooled down 
we have a product witli entirely different properties. In the first place the 
mass no longer reveals particles of “iron” or “sulphur” under the micro¬ 
scope, and the fragments of iron cannot now be separated from the mixture 
by the aid of a magnet as they could before. The new and entirely changed 
substance obtained by heating the mixture of iron and sulphur is what is 
calkd a chemical compound of sulphur and iron. 

Chemical compounds are only formed by the mutual reaction of sub¬ 
stances when in the most intimate contact obtainable either by pulyerisa- 
tion, fusion, or solution. The latter process is the one principally used in 
the manufacture of pigment colours. 

The chemical combination of two or more elements only occurs in well- 
defined proportions by weight, these being unalterable and capable of 
expression in figures. These figures, which express the relative quantities 
(by weight) of the elements that enter into combination with others, may 
be call^ the comhmng mights of Ike elements. 

To simplify matters, a symbol has been given to each element, i.e., a 
definite abbreviated sign, consisting for the most part of the initial letter of 
its Latin name. 

. T^ble I. (see Appendix) contains the most important elements, withiheif • 
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sj^bolasnd atamlp veights. The cMef elements nsed ib cdWNIU^fdjJ^^' 
marked*. Table I. also contains the coefficients expressing the valcn^ # 
combining power of the different atoms in their saturated combinations .with 
hydrogen. This valency is denoted by Roman numerals It is therefore seen 
that certain elements are able to combine with more than one atom of 
hydrogen (regarded as the standard monovalent atom), some of them being 
able to combine with four atoms of hydrogen, or two atoms of a divalent 
element. Take, for instance, the following combinations: Chlorine and 
hydrogen are both monovalent, and therefore we get the compound HClia 
hydrochloric acid. Oxygen is divalent, and furnishes the compound H,0 * 
water. Nitrogen, as a trivalent element, gives the compound NH,= 
ammonia; and from the tetravalent element carbon the compound CH 
= methane can be formed. Tlie divalent body sulphur combines with diva¬ 
lent iron and forms FeS = sulphide of iron. It must be remembered, how¬ 
ever, that one and the same element may appear with a different valency in 
different combinations. 


The practical importance of the figures given in Table I. may be made 
clearer by an example. When melting iron filings with sulphur we should 
take, in order to obtain the exact equivalent proportions of the combining 
weights, .')6 parts of filings and 32 parts of sulphur (according to Table I.), 
so as to avoid a surplus of the one or the other element. Otherwise the 
whole would not enter into combination, and part of the material would be 
superfluous. The proportion of .'56; .32 can be, of course, diminished or 
increased at will; e.g., 28; 16 = 14; 8 = 7 : 4 = 21 :12, ic. 

Water is used as a general agent for dissolving or diluting solid and 
liquid materials, salts, acids, and bases, the temperature employed for the 
operation being an important factor. As a rule bodies dissolve more readily 
at a higher temperature than they do at a lower one in the same quantity 
ot water, but there are exceptions to this rule. Glauber salt (crystallised 
sodium sulphate), for instance, is less soluble in hot water than in cold, 
whilst the solubility of sodium chloride at a low temperature is about the 
same as ar a high temperature. 

_ A mturaled solidmii is one which does not take up any more substance at 
the temperature at which the operation has been performed. A distinction 
must be drawn between hot- and cold-saturated solutions ; for whilst a cold- 
saturated solution is often able to take up considerably larger quantities of 
the substance at a higher temperature, hot-saturated solutions, as a vule, 
deposit a part of the dissolved salts, in the form of crystals, when cooled. 

onint “'^'4 " “It i" »«tef “ fi«d 

Satfon of 'hemical colours, the edn- 

imnortatit solutions from which the salts are precipitated is very 

tKits chTeflv'*o!’cf “ " «‘r"'gthe exact degree of solubility ofrfl 

tiblf wverihe « "•‘‘king (Table II.). At the same time this 

maLa ruseffor cou”" ‘he tratle name of all «w 

abtl'mdecuLr^^^^^ manufacturing, as well as their chemical fokteUtt' ; 

l)fvIlormMS”L‘’tb'’® aforesaid symbols for the chemica) elemehi»-b“ 
exnressed bv siiitabi * combinations of the elements can be acBpM^y 
L in t ‘ arranging the symbols in juxtaposition. In Table L- 
d, for instance, Fe (ferrum) as the symbol for iwn. and S fne 



two signs together we ^>ble to express the previoijsly 
ijW^Pteo pothbiriitfon of theee two elewents ita tt>B, form of a symbol; 

,Af:ihe same time the symbols of the elements and compounds are used 
to denote their combining weights. The symbol Fe signifies not only the 
dement iron, hut also 56 parts by weight of iron. 0= 16 parts of oxygep, 

:■ parts of sulphur, Sic. To denote multiples of the combining wei^t 
of any .element, we put the corresponding figure in front of or behind tbo ' 
symbol, 2Fe = Fe„ for instance, indicating 2 x S 6 parts by weight of this ’ 
element. To avoid any mistake, however, the figures in question are always 
■ put behind the symbol in the case of elements, the index being then on^er- : 
stood as applying solely to the element in question, whilst in the case 
impounds the coeflicient is placed in front of the symbol, thus affecting all 
the elements in such compounds. 

The foregoing may best be illustrated by the following example. In 
Table II. we find amongst the compounds of iron (to keep to this element), 
that oxide of iron is indicated by the formula Fe,0,. The molecular weight 
of this compound is therefore Fe, = 2 x ,56 + 03=3 x I 6 , or 112 + 48 = 160 . 
To denote a certain multiple of combining weights of oxide of iron (say S), 
we must, in accordance with the above-mentioned rule, write 3Fe,0,, or 
S x 160 (the combining weight) = 480 parts by weight of oxide of iron. In 
more complex compounds it is usual to simplify the matter by using 
parentheses. For instance, 3 multiples of the combining weight of crystallised 
copper sulphate are expressed as S(CuSO, + 5H,0); or 3 multiples of the 
combining weight of potash alum, 3(K,SO, + Al,(SO,), + 24Aq.). 

To find the combining weight of CuSO, + 5H,0 according to Table I., it 
must be calculated as follows; 


Cu = 

S = 

O, = 4 X 


63) 
321 


16 = hlj 


+ 5 


1 X 2 X 5 = 10 
16 X 5 =80 


159 + 90=249 parts by weight. 

It has been stated that the elements combine only in the proportion 
of their combining weights or multiples of the same. This fact can be ac- ' 
counted for clearly by supposing the elements to consist of infinitely small - 
and .indivisible imrticles called atom. One or more atoms of the one 
. element join together with one or more atoms of another element. The 
‘ proportion of the atomic weights of different elements entering .in colnr 
‘bination will be indicated by the combining weights or their multiple; 
therefore the combining weights are called also atomic meighis of the 
elements. 

The corresponding weight of a compound, being, as we have seen, the 
'Stam of the combining weights of the several components, is called the 
foplecular weight, and the term molecule implies the smallest chemically 
Indivisible quantity of a compound that can exist as such. Therefore a mole- 
'tiliiP of common salt, NaCI, consists of one atom of sodium and one atom of 
obforin^ and this molecule cannot be divided without ceasing to be common ■: 
foregoing will suffice to explain Tables I. and if., and facilitate 
practical application to technical calcuUtions. 
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The pro^^ss set ap hy the calcination of the mixture of iron filings and 
sulphur can be represented by the following chemical equation: 

Fe + S = FeS 

Iron Sulphur Sulphide of iron 

56 + 32 ■= 88 parts by weight. 

When red mercuric oxide is heated to redness it is split up into its con¬ 
stituent parts—viz., metallic mercury and oxygen. The chemical formula 
indicating this process is ; 

HgO = Hg + _O 

Mercuric oxido 1 atom of mercury 1 atom of oxygen 

2 l6 parts by weight = 200 + 16 . 

Since a chemical equation may be considered as an algebraical one, and, 
therefore, the sum of the comitining weiglits on the one side must be 
exactly equal to the sum of the combining or atomic weights on the other side 
of the equation, it is easy to calcuiate unknown members of the equation. 

Krampk How many grammes of mercury are to be obtained from 
100 grms. mercuric oxide on decomposition at red he.at? 

Answer.—ilid parts by weight of mercuric oxide will furnish 200 parts by 
weight of mercury, in accordance with tile above-mentioned equation. 
Cmsequently, ^ 

216 : 200= 100 : j 

■r = (200 X 100) + 216 = 92 grms. 


lixiimplc 2.—How m,any grammes of sulphide of iron can be produced 
from 100 grms. of sulpiiur } 

x(»f«wr.—According to the equation, .82 parts hy weight of sulphur yield 
88 parts by weight of sulphide of iron. Therefore 100 grms. sulphur will give: 

,'12 : 88 = 100 : .r 

a' = (88 X 100) + 32 = 27.5 grms. 

In stating the dehnition of salts the example of metallic zinc dissolved 
n sulphuric acid was given. The chemical process then occurring is 
explained by the following equation: ” 

Zn + H,SO, = ZiiSO, + 2H 


5^inc 

()5'4 


Suljihui'ic Hcid 

+ 9« 


•Sulphate of zinc 
Ibl 


Ifydrogeii 

2 parts by weight. 


H ^"thTS'^^ the above equation thoroughly it will be seen that the 

^nsu„ whilst the hydrogen escapes in the form of gas. This nrocess illus 
From**tr* f Previous explanation of the formation of salts. ’ 

From the foregoing equation it is possible to oaleulate exactly the 

To show the importance of these oalcnlatio^ns we will take aT example 



IMKOUtlCTION 9 

from pmctical colour-making, barium sulphate (klanc fixe) can be made W 
?'n*^*^*^^*'*® * solution of barium chloride with sulphuric acid, and thb 
loltowing equation represents the way in which this precipitation proceeds: 

Bad, + H,SO, = BaSO, + 2HC1 
Barium chloride Sulphuric acid Barium sulphate Hydrochloric acid. 

This equation enables the following calculations to be made : 

1 . The quantity ot barium chloride needed with a eiven quantitr of 
sulphuric acid. r> j 

"llje quantity of sulphuric acid required with an existing quantity of 
banum chloride. 

3. The quantity of barium sulphate obtainable with a certain quantity of 
sulphuric acid, of barium chloride, or of the two together. 

4. The quantity of free hydrochloric acid i'ormed, and, provided the 
quan^tity of water used be known, the degree of dilution of this acid. 

Commercial sulphuric acid being sold in different strengths, it is neces¬ 
sary in these calculations to know the percentage of pure sulphuric acid 
contained in the licpiid used. It will he evident, of course, that more of 
the dilute acid must be taken to ensure complete precipitation of a given 
quantity of barium chloride solutifui of given strength than is the case with 
concentrated or perfectly pure acid. To simplify the occasionally rather 
complicated calculations a certain number of tables for the acids as well as 
for the saline solutions most frequently used in colour making are given at 
the end of the book (see Appendix). 
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Acacia catochu, 451 
Acetic acid, 307-9 

analyse, 309 
manufacture, 300 
Acetone, 644 

Acetylene black, 426, 428 
Acid, 4 

alizarine blue, 518, 529 
blue, 618, 529 
colouring matters, 431 
green, 477, 600. 636 
magenta, 520, 634 
violet, 499, 520 
Acidimotry, 344 
Acids, 68, 331-38 
tests, 337, 539 
Acridine colour?, 477 
Adjective colours, 433 
Alfrem* painting, 558 
Al seeco painting, 659 
Alabaster, 869, 372 
Albo-carbon light, 471 
Albumen, 337, 607 
Alcanna tiiiHoria, 439 
Alcohol, 308 

reactions with, 539 
Aldehyde green, 477 
Algaroth powder, 125 
Alizarin 452 

Alizarine, 431, 451, 465, 476 488 634, 555 
bloik, 521 
blue, 618,521, 636 
Bordeaux, 477, 518 
brown, 618, 521 
green, 621 
indigo blue, 621 
maroon, 521 
orange, 518, 521, 529 
red, 617, 529 
yellow, 618, 621 
Alkali blue, 529, 536 
violet, 529 
Alkalies, 68, 71. 539 
Alkalimetry, 344 
Alkanet, 439 
Alkannin, 439 
Alkermes, 437 
Alphanaphthol, 524 
Alphanaphthylamine, 626, 626, 629 


Alum, barium chloride method, 494 
chrome, 301 
concentrated, 286 
cubical, 287 

manufacture from bauxite, 267 
from cryolite, 287 
neutral, 287 
Koman, 286 
shale, 286 
sludge. 389 
sodium, 288 
Alum'gypsum, 373 
Alumina, 288, 289, 481, 488, 618 
purple, 284 

Alumina-barium chloride process, 498 
Alumina-tin salts, 486 
Aluminite, 286 
Aluminium, 577 
acetate, 288, 289 
chloride, 288, 289 
comimunds, 286 
hydroxide— ALUMINA 
phosphate, 485 
salts, 286-90 
assay, 289 
silicate, 382-84 

sulphate, 286, 289, 493, 494, 583 
Aluminium-lime method, 494 
Alunite, 286 
Amaranth, 535 
red, 496, 529 
Amido bases, 625 
compounds, 472 
Amidoazol>enzene, 526 
Amidoazotoluene. 626, 529 
Amidobenzenc, 625 
Ammonium antimontluosulphate, 290 
tin chloride, 331 
Amphibole, 381 

Analysis, concerning, 343, 632, 633 
Anchusin, 439 
Anglesite, 293 
Anhydrite, 369 
Aniline, 3, 464, 472 
black, 465, 477 
blue, 477 
colours, 430 
Animalisatlon, 671 
Annaline, 369, 870 
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Carthamlne, 459 
Qirthamwi iineforiuit 458 
Caaali’e ^reen, 239 241 
Casein, 607, 558 
colours, 658 
lime, 378 
Cashew lake, 387 
Cassel brown, 399 
green, 256 

yellow, 125,153, 841 
Casselmaon’s green, 228 
Cassius gold purple, 284 
Catechin, 4S1 
Catechutannic acid, 451 
Caustic potash, 309 
soda, 313 

manufacture, 313 
Celeste blue, 200 
Cement water, 323 
Centrifugal machine, 30 
mills, 63 

sifting machine, 02 
Ceramic painting, 662 
Cfirise, 603, 505, 608 
Cerussite. 293 
Chalk, 340, 373 
Chamber press, 32 
Chameleon, 323 
Chamois, 384 
Charcoal, 414 
Charlton white, 118 
Chauw mitalUqHc^ 283 
Cheese colours, 568 
Chestnut brown, 397 
Chile saltpetre, 317 
China clay, 179, 382, 608 
yellow, 529 
Chinese berries, 445 
blue, 173, 500 
Chinonhnide, 466 
Chloramine brown, 630 
orange, 630 
yellow, 630 
Chloranisidine, 630 
Chlorophyll, 443, 539 
Chromates, analysis, 301 
of potash, 301 
of soda, 

Chromaaone reds, 496, 530 
Chrome alum, 301 
brown, 284 

green, 244, 249-51, 341 
manuhicture, 244 
wet method, 247 
ochre, 385 
orange, 144 

manufacture from lead sulphochro- 
mates, 146 

from basic lead chloride, 148 
nature, chemical, 144 
oxide. 228 

Castheiaz and Leune process, 232 


Chrome oxide colours, green, 228. 555 
furnace, 231 
manufacture, 229 
red, 267, 342 

from basic lead acetate, 267 
from basic lead chloride, 268, 
271 

from pure lead hydroxide, 273 
from white lead, 268, 269 
yellow, 125, liW, 244, 840 
additional bodies, 148 
assay, 149, 340 
canary yellow, 137 

manufacture, 137 
dark lemon shade, 142 

manufacture, 142 
lemon shade, 139 

manufacture, 139 
manufacture from basic lead 
chloride, 133 
from white le^d, 134 
properti- s, 130 
value, 130 
washing, 140 
Chromium boraU, 233 
compounds, 301 
hydroxide, 228 
oxide, 229 
stannatc, 284 
sulphate, 301 
Chromogen, 476 
(Ihromophore, 475 
Chromotropes, 496, 530 
Chrysoidine, 466, 508, 530, 536 
Chrysolite, 381 
Cinnabar, 273 
Citronine, 630 
Clay, formation, 382 
occurrence, 382 
preparation, 23,382 
properties, 383 
slate, 363 
species, 382 
Clay-iron stone, 391 
Clays, burnt, 384 
fat, 382 
meagre, 382 
plastic, 382 
jjrimury, 382 
secondary, 382 
white, 382, 508 
Cloth blue, 600 
dyeing, 667 
priming, 567 
red, 630,636 
Coal, 463, 464, 468 

apparatus, HallidayV, 410 
Zwillinger’s, 411 
brown, 399 
gas, 467, 468 
tar, amidatioo, 473 

formation, details &c., 463 et uq. 
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Coal bu*, medium products, 469 
nitratioOf 471 
oxidation, 473 
properties, 468 
raw materials, 430, 467, 471 
sulphonatioD, 471 
C(Md*tar colours, 463-^42 

used for lake^moking, 490, 492. 
493, 496, 499, 600, 629 
Cobalt blue, 200, 202, 666 
brown, 284 
colours, blue, 200 
green, 241-42, 665 
red, 283 

magnesia pink, 284 
ores, 200 
oxide, 200 
pink, 284 
ultramarine, 202 
yellow, 126,154 
Coccionella, 436 
CoecM oaefi, 436 
ilicu, 437 
436 

Cochineal, 436, 639 
ammoniacal, 435 
prepared, 436 
Coelin, 200 

Coeruleine,477, 618, 621, 636 
Cceruleum, 203 

Coloothar —see Caput uortuum 
Cold-water colours, 669 
Cologne earth, 899 
Colophony, 506 
Coloured pencils, 661 
Colouring matters, aci»l, 434, 478 
adjective, 433, 478 
artidcial, 484 
basic, 478 

classihcation, 476, 478 
coal-tar, 463 
constitution, 473, 475 
developing, 484 
dissolving, 498 
drying properties, 42 rt sea. 
mordants, 434 
natural, 435-62 
of animal origin, 429, 436-39 
of organic origin, 429-642 
of vegetable origin, 439-642 
salt, 484 
substantive, 483 
Colours, colour works, Wet sea, 
application. 67, 643 
composition, 474,475 
content of sulphur, 68 
covering power, 86, 89,115,117, 203, 
206, 219, 244, 237, 281, 967, 376. 
881, 883, 385, 892, 395, 397, 399, 
401.402,414 
crushing, 61 
drying, 42 


Colours fast to alkalies, 71 
• to light, 71 
to spirit, 73 
to weather, 71 
filtering. 18, 27, 34 
fixing, 69,663 
for graphic purpo^ 6S, 663 
grinding, 50 
influence of acids on, 68 
of alkalis on, 68 
of gases on, 67, 68 
of light on, 67 
moulding, 38 
nomenclature, 73 
opaque, 69 
photographic, 673 
pressing, 84-38 
properties, 67 
substantive, 433 
transparent, 69 
uses of, 643 
varnishable, 68, 70 
vehicles for, 89, 70 
washing, 15, 24 

Combined lakes, from quercitron, Persian 
berries, 616 

mixed, 489, 609, 610-17 
green, 600, 601 
olive, 616 

simple red, 493, 611 
yellow, 490 
Combining weights. 7 
Common salt— s/’/? Salt 
Cone mills, 64, 647 
Cones, 40 
Congo orange, 630 
Copper acetate, 208-11 
arseniate, 212 
brown, 284 
carbonate, 163 
chloride, 324, 326 
colours, blue, 166-64, 203 
green, 205-28 
red, 282 

ferrocyanide, 282 
hydroxide, 164 
nitrate, 326 
oxychloride, 164 
salts, 323-326 
assay, 325 
silicate, 228 

sulphates, 208, 323, 326,684 
Swedish, 324 
Copperas, 169 
Copying inks, 664 
Gotlnin, 444 
Cotton blue, 500 
dyeing, 671 
light blue, 600, 530 
scarlet, 494, 630 
Cotunnite, 294 
Crayons, 502 
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Creflol, 469, 470 
Gresyl fa«t violet, B80 
Crocelnes, 495, 496, 530 
scarlet, 530, 634 
Crocin, 460 
CroeuK $athuit, 460 
Cuba lake, 446 
Cudbear, 454 
Cumarines, 477 
Curcuma longa, 452 
rotunda^ 462 
Curcumeln, 580 
Curcumiue, 452 
Cutch, 461, 639 
Cyananthrol, 530 
Cyanine, 477 
Oyanol, 630 
Cyanophvll, 443 
Cyclostyle colours, 506 
Cylinder furnaces, 180 
Cyprian green, 390 

Dark blue, 530 
Deep blue, 600 
Derby red, 273 
Developing colours, 572 
Diamond black, 613 
green, 603 
grey, 401 

Dianil yellow, 490 
Dianisidine, 525 
Diafomaceous earth, 180 
DtnRine black, 530 
Diazo colours, 470, 488, 622 
compounds, 400 
lakes, 527-29 
solutions, 527 

products of decomposition, 627 
manufacture, 627 
Diazotisatlon, 623 
conditions of, 623 
without ice, 624 
Digallic acid, 604 
Dingier green, 241 
Dinitronaphthol, 476 
Diphenetidine, 524 
Dlphenylniethane colours, 477 
Direct yellow, 630 
Disintegrators, 53 
Distemper, 566 
Dolomite, 326 
Double salts, 5 
Drogon blood, 443 
Driers, 544 
Drop black, 412 
Drops, apparatus for, 40 
Dross, 258 
Drossing, 259 
Drum mills, 64 
Dry copying inks, 564 
Drying, 43 
oils, 644 


Drying plants, 355 
plates, 49 
stoves, 48 
Dumont blue, 200 
Dyeing of fibres, 571 
theory of, 671 
Dyer’s woad, 673 

Earth, green, 396. 
calcined, 397 
preparation, 396 
use, 390 
Italian, 385 
Veronese, 396 
Earth colours, 347-428 
black, 401-4 
brown, 397-400 
drying, 352, 355-57 
drying-rooms for, 352, 355 
furnaces for calcining, 351 
green, 396-97 
grey, 400 
grinding, 357 
grinding-rooms, 351 
levigation process, 318, 362-65 
room, 351 

preparation (cheni.), 361-64 
(mech.), 362-61 
red, 390-96 
sifting, 357 
yellow, 381-89 

Edge-runner grinding-tnills, 61 
Egg-tempera iwnting, 657 
Egg-white, 558 
Element, 4, 5, 6 
Eisner green, 226 

manufacture, 227 
Emerald green, 212-19, 341 
history, 212 
manufacture, 212-18 
method, new, 217 
old, 215 

mixing, 216, 218 
plant, 213 
properties, 213 
sifting, 224 
sifting-mill, 224 
Emperor green, 212 
Emulsion, 557 
Enamel colours, 654 
Enamel white, 118 
English red, 393-95 

application. 396 

manufacture from alum mud, 893 
properties, 396 
white, 378 
Engravings, 566 
Eosamlne, 530 

Eosine, J86, 477, 488, 601, 607, 608, 680, 
684 

acid, 502 
Ensom salt. 826 



Brythriae. 630 
Brythrodanon, V>2 
Br^hrosine, 488, 501, 530, 534 
Eschel, 200 
Ethjrl green, 503 
KtioHn, 443 
Buxantbic acid, 488 
Euzanthone, 438,477 
Bzcelsior milla, 60 
scarlet, 630 

Fakct paper coloui^ 5G7 
Fast acid violet, 499 
navy bbie, 630 
orange, 530 
red, 635 
yellow, 536 
Patty colours, 572 
Felspar, 382 

Fermentation of indigo, 447, 448 
process, 99 
vats, 572 

Fernambiico wood, 457 
Ferric chloride, 307, 588 
sulphate, 307 

Ferrocyawido, blue, colours, 1(55 
Ferrous carbonate, 305 
chloride, 306 

sulphate, 304, 306, 300, 383, 684 
Filling up, 363, 401 
Filter, 27 
press, 30 
stones, 31 
Fisetin, 444, 477 
Flake white, 89 
Flame soot, 416, 416 

plants, 416, 417 
Flat printing, 566 
Flaveosin, 477 
Flavindulin, 530 
Flavine, 466, 616 
Flavones, 477 
Fiavopurpurine, 477 

congpsta, 461 
Fiemingine, 461 
Florentine lake, 436 
Fluorescein, 466, 477 
Fluor-spar, 673 
Flux, 562 

Formyl violet, 499, 630 
Frame press, 32 
Frankfort black, 405, 407, 412 
Fresco painting, 668 
FuchsiDe— Magenta 
Furnaces, 180 et sea.. 268 et teg, 
Fustet, 444, 539 
Fustic, 445, 539 
Fustino, 444 

Fustino-tannic acid, 444 
Galena, 408 

Galleine, 477, 618,521, 630 


INOKX 

OaUio acid, 604 
Ualloflavine, 621 
Goinbir, 454 
Gamboge, 447, 639 
Garanoeux, 463 
Oarancin, 452,.518 
Oarcinia moretla, 447 
(lurdenia gratidtjfora, 462 
Gas, 467, 468 

black, 415, 425 

I)reyer*s plant, 427 
Tbatwitz’s plant, 427 
natural, 467 
Gay-Lussac tower, 333 
Oeutcle green, 228 
Geranium lakes, 501 602 

combined, 609, 611 
Oiallolino, 160 
Glauber salt, 317, 582 

ultramarine, 178 
Glaze coloiirs, 563 
Gloss soot, 416 
Glover tower, H33 
Glucoside, 445 

tannic acid, 444 
Gold orange, 530 
Gold purple, 284 
Golden ochre, 806 
satinober, 257 
Granulators, 869 
Grape sugar, 91), 440, 441 
Graphite, 402 
Green PL, 680 

earth, 306, 608, 666 
lakes, mixed, 609, 510, 614-17 
non-poisonous, 617 
vermilion, 205 
Grenadine, 503, 605, 608 
Griffith’s patent zinc white, 118 
Grinding mills, 66-60 
Giiacho painting, 666 
Guignet's green, 228, 232-39,341 
historical, 232 
properties, 239 
Guinea green, 630 
violet, 499, 530 
Gumigutt, 447 
Gum lac, 436 
Gutti, 417 

Gypsum, application, 197, 372 
assaj', 340, 872 
calcined, 371 
occurrence, 369, 370 
preparation, 370 
properties, 370 
slaked, 372 
water-free, 870 

Hasmatein, 441, 477 
Hicmatin, 441 
Hiematite, 391 
Hematoxylin, 441 
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Hamatoipylon campechianvMf 440 
Halotrlcbito, 285 
Hamburg white, 106 
Hand prees, 36 
Hearth furnace, 259 
Heating of drying-rooms, 46 
Heavy oile, 469, 470 
Hectograph inks, 564 
Hello azurine, 630 
fast blue, 500,630 
fast red, 496, 580, 635 
orange, 492, 530 
purpurin, 496,530, 535 
Helvetia blue, 530 
Hemp oil, 544 
Hofmann's violet, 466 
Homodemingine, 461 
Hydrazone colours, 474, 476 
Hydrochloric aci«l, 886, 338, 585, 586 
manufacture, 836 
properties, 336 

Ice colours, 488, 522 
Iceland spar, 878 
Immedial black, 467 
Imperial green, 221 
Indanthrene, 530 
Indian ink, 557 
red, 390 

yellow, 126, 154,437, 666 
Indican, 447 
Indicator, 343 

Indigo, 447-61, 477, 478,532,672 
artificial, 450, 451, 466 
blue, 448 
brown, 448 
carmine, 460, 639 
dyeing, 450 
red, 448 
rubin, 448 
substitutes, 442 
white, 448 

Indigofera tivcforui, 447 
Indigoglucin, 448 
Indigotln, 448 
Indol, 466 
ludones, 477 
Indoxyl, 478 
Induline, 477 
scarlet, 530 
Inks, autographic, 665 
clossift^tion, 563, 564 
copying, 564 
drawing, 666 
endorsing, 566 
hectograph, 564 
indelible, 665 
litho-printer’s, 566 
litho-transfer, 565 
marking, 565 
mineral colour, 564 
normal, 564 


Inks, ordinary, 664 
stamping. 565, 566 
symiiAthetic, 565 
typewriter, 564 
writing, 563 
Insolation, 71,569 
Intermediate products, 471 
Iodide of mercury, 281 
Iron colours, blue, 156,166 
red, 390 

compounds, 304-7, 384-400 
tests, 306 
cyanide, 166 

for English red, caput mortuum, 390 
glance, 391 
ochre, 391 
oxide, 342 
red,391-93 
Iron-stone, 391 
Isatin, 448 
Jsatis, 447 

Isochromatic plates, 573 
Isodulcite, 466 
Isorubin, 530 
Italian earth, 385 
red, 393 

Ivory black, 407, 413, 556 

Jamaica wood, 467 
Janus colours, 476 
Japan earth, 451 
Jasse sifting machine, 63 
Jaune brillant, 153 1 

de cadmium— Cadmium yell ow 
de Naples— Naples yellow , 

Jet black, 476 

KAINITE, 311, 326 
Kaolin {see China clay), 382 
Katechu, 451 
Katigen black, 467 
green, 632 
Keim colours, 560 
Kermes, 437 
berries, 437 
oak, 437 
Kieserite, 326 
Kilns, 49,371 
King's blue, 200, 202 
yellow, 125, 154 
Kneading machines, 545 
Knives, 89 
Krems white, 89 
Kuhlmunn's green, 228 

Laboratory, 338, 540-4 
Laccainic acid, 437 
Lac-dye, 486, 639 
Lac'lac, 436 
Lacmus, 453 
Lacquer varnish, 544 
Lake blue, 530 
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Lake Bordeaux, 680 
deBnition, 481 
green, 530 
orange, 530 

pigmente, 431, 432, 487 ct wq. 
base, 432 

blue, from acid colours, 490 
brown, 513 

combined, 489, 509,510, 511, 513 
for fancy papers, 519, 517 
for printing purposes, 521 
from adjective colourt^ 517 
from vegetable colours, 515 
green (pure green), 515 
from acid colours, 500 
lime, 508. 509 
manufacture, 479-503 
orange, 492 
pink, 501 

precipitation by albumen, 607 
by arsenic, 607 
by barium chloride, 490 
by casein, 607 
by lead salts, 501 
by phosphate of soda, 607 
by resin soap, 605 
by silicate of soda, 607 
by siliceous materials, 608 
by soap, 605 
by tannic acid. 603, 504 
by Turkey red oil, 605 
principal testing methods, 582 
red, 493, 610, 613, 630, 635 
resinate, 500 

violet, from acid colours. 499 
from basic colours, 508 
yellow, 490, 609 
red, 530 
scarlet, 630 
violet, 530 

tes from coal-tar colours, 490-529 
aiialysis, 533 
calculation, 541 
laboratory producing, 641 
reactive bodies, 634 
treatment with alcohol, 634, 
637 


with caustic soda, 534,538 
with hydrochloric acid 
aud tin salt, 534, 538 
with strong hydrochloric 
acid and sulphuric acid, 
534,537 
type, 479 
orange for, 580 
scarlet for, 631 

Lampblack, 342, 405, 415-25, 665 
XawKmta alha, 439 
Lead acetate—see SUOAB OF LEAD 
antimonatc, 125 
antimonite, 125 
carbonate, basic, 298 


Lead carbonate, neutral, 298 
chloride, 294 
ohromat^ 802-4 
tests, 302 
colic, 116 

colours, red, 267'73 
white, 89-118 
compounds, 293-97 
nitrate, 294, 297, 488 
ores, 403 
oxide, 295 
pencils, 403,561 
peroxide, 295 
suits, 293 
sesquioxidc, 295 
strips, 92 

sulphate, 117, 293, 296 
tree, 296 
varnish, 544 
vinegar, 294 

Leather lakes, 508, 609,013, 617 
Tjccaiwra, 463 
Lemnos earth, 390 
Lemsin, 369 
Leuco bodies, 474 
Level printing, 566 
Isjyden blue, 200,202 
Light blue, 500 
filters, 673, 674 
green, 513 

inllueuce of, on colour, 71 
oil, 469 
soot, 415 
Lignite tar, 4G8 
Lignmi campeehianuni^ 440 
Lima wood, 457 
Idme, 377, 378 
blue, 162 
calcined, 377 
colours, 377, 481, 608 
fat, 377 
hydrate, 377 
milk, 378 

IMiinting colours, 658, 659 

paste, 378 

properties, 878 

thin, 377 

tuff, 373 

washes, 669 

Lime-arEenic green, 219 
Lime-water, 378 
Limestone, 873 
occurrence, 376 
preparation, 377 
Limonite, 391 
Linen dyeing, 571 
Linoxin, 663 
Linseed oil, 544, 652 
Litharge, 125, 258, 296 
Lithol red, 496, 630, 635 
Lithopone, 118-24, 340 
additioiml bodies, 122 
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Litbopooe, assay, 123 
forniatioQ, 118 
grindiDg, 122 
heating process, 122 

manufacture, Fischer’s process, 122 
wet method, 121 ' 
properties, 122 
sutetitute, Alberti’s, 124 
trade brands, 123 
Litmus, 453, 478.539 
Lizari, 452 

Logwood, 440>42, 539 
Lokao, 453, 539 
LumiDoua paints, 569 
LiiteoUu, 477 
Lyddite, 471, 475 
Lysol, 471 

Haorines for grinding, 60 et s<^i. 

Maclurin, 446,477 
Madder, 461-52, 465, 518, 589 
carmine, 452 
charcoal, 452 
flowers, 452 
lakes, artiticial, 519 
natural, 518, 555 
Magdala red, 4B5 

Magenta, 465, 477, 488, 489, 603. 505, 506, 
608, 534 
lakes, 509, 512 
Magn^ia, 326 
alba, 326 
Magnesite, 326 
Magnesium carbonate, 326 
chloride, 326 
compounds, 326 
tests, 327 
oxide, 326 
silicate, 381 
sulphate, 326 
Mahogany brown, 387 
Malachite, 397 

green, 466, 477, 603, 506, 508, 530, 536 
Manchester brown, 503,530 
Mandarin, 530 
orange. 492 

Manganese carbonate, 256, 398. 
chlorate, 256 
green, 256, 342 
oxide, 256 
salts, 256 
sulphate, 256 
sulphide, 25G 
varnish, 399 
varnishes, 644 
velvet browa, 399 
Marble, 873 
Marine blue, 580 
Marl, 888 

Maroon, 608,506,508 

lakes, 489,608, 509, 513 
Mars yellow, 126 


Martius yellow, 475 
Massicot, 126, 258,295 
Mauve, 464 
Mauveiae, 8, 464, 477 
May green, 613 
Medium oils, 469, 470 
Meerschaum. 381 
Melinite, 471, 475 
Mercury— QUICKSILVER 
iodide, 281 
sulphide, 274 
Metanile yellow, 470, 630 
Methyl green, 465,530 
orange, 476 

violet, 4155, 466, 477, 488, 503, 507,508, 
530, 536 

Methylene bine, 466, 477, 603, 508, 530, 
536 

green, 477, 503 
violet, 503 

Mikado gold yellow, 530 
orange, 530 
yellow, 530 
Milling machines, 545 
yellow, 530 

Milori blue— rnuasiAN Blub 
green, 244 

Mimeogmph colours, 566 
Mineral black, 401 
blue, 216 
brown, 284 

colours, artificial, 74-285, 340-42 
black. 342, 401 
blue, 156-204, 311 
green, 204-56, 341 
classification, 204 
properties, 205 
grey, 400 

manufacture, 75 et seq. 
natural, 347-65 
red, 256-84, 342 
use, 543 et teq 
violet, 342 
white, 75, 340 
yellow, 125, 153, 310 
painting, 558 
Minium, 257-67 
Mitis green, 212 
Mittler green, 289 
Molecule, 7 

Monoculcium phosphate, 381 
Mordant yellow, 530 
Morin, 446, 477 
Morindannic acid, 446 
Moss green, 51^ 617 
Mountain blue, 162,163 
green, 220, 341,397 
milk, 373 

Muffle furnaces, 187 
Mnblhauson white, 117 
Mummy, 439, 655 
Munich lake, 436 



Ifurezidd, 463,478 
Massioi colours, 664 

Naphthai^JENb, 469, 470,477 
yellow, 510 
Naphchol, 524.530 
black, 476 
blue, 477 

green, 500, 501, 580 
yellow S, 475, 490, 530, 536 
Naphthylamine black, 476 
Naples yellow, 125, 340. 565 
application, 150 
composition, 150 
manufacture, 160 
properties, 160 
Natal berries, 446 
Natural colour photographs, 574 
Navy blue, 600 
Neptune green, 530 
Neuwied blue, 162 
green, 220 

inanufociure, 220 
New bengaline, 631 
green, 212 
magenta, 603, 530 
metaminu blue, 631 
methylene blue, 531 
patent blue, 631 
red, 631 
solid green, 631 
Victoria blue, 631 
Nickel yellow, 156 
Night green, 513, 631 
Nigrosine, 531 
Nile blue, 531 
Nliraniline, 476 
red, 476 

Nitric acid, 334-36, 338, 686 
manufacture, 335 
properties, 334 
red, fuming, 335 
Nitriheation, 311 
Nitrite, 318, 623 
alsay, 323 
paste, 524 
solution of, 624 
NItro derivatives, 475 
Nitrophenetidine, 626 
Nttrosamine red, 631 
Nitrose, 833 
Nitrosophenols, 475 
Nilrotoiuidine, 526,626, 631 
Noir de vigoe, 412 
Vidal, 467 

Nomenclature of coabtar coloui^, 473 
Normal colours, 655 
solutions, 343 
Nat oil, 644 

OOHBE, 384 

preparation, S8S 
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Ochre, red, 384, 387 

occurrence, 387 
preparation, 387 
properties, 887 
yellow, 384 

occurrence, 384 
properties, 386 
Oil black, 401 
blue, 164 
green, 205 
lacquer varnish, 644 
painting, 644 
artistic, 543 
practical, 643 

Oil-tempera colours, Lechnor's, 667 

Oil-wax colours, 554 

Oils, drying, 544 

Oleum, 882 

Olive green, 266 

hikes, 508, 513, 617 
Olivine, 381 
Opal blue, 500, 531 
Orange, 531 
II, K, G, 534 
lake, 492 
lead, 267 
Orceine, 465 
Orchil, 539 
Orcine, 466 
Oricello, 454 
Original green, 212 
Orlean, 463 

South American, 453 
Orpiment, 154 
Orr’s white, U8 
Orseille, 464 
Orthoclase, 382 
Os sepia>, 438 
Osteolite, 379 
Oxalic acid, 836, 344 
Oxamine violet, 531 
Oxide red, 390,391 
yellow, 386 

Oxyuzo compounds, 466 
Oxydamiuo red, 631 
Oxyketones, 477 
Oxyqutnoues, 476 

Painteb’s weather-proof paints, 378 
Fainting, 543 
ceramic, 662 
encaustic, 560 
fresco, 668 

Palatine lake scarlet, 531 
Pali) campechio, i\Q 
Paper, coloured, 476 

yellow, 490, 601,510, 531 
Paralhn, 464 
Paranitraniline, 525, 531 
extra, 525 

turning to blue, 631 
red, 625 
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600 

Paranitrodiazobenseoe, 528 
Fariaa cement. S73 
Paris black, 412, 413 

blue—M^ Pbussian blub 
green, 212 
red, 257 
white, 370 
whiting. 379 
Parrot green, 219 
lake, 515 

Pastel painting, 561 
pencils, 561 

Patent blue, 477, 600, 506, 607, 631 
groon, 212 
Pereira colours, 556 
Peri wool blue, 631 
J‘erkiu'» violet —see Mauvbine 
Permanent green, 228, 251 
red, 531 

white, 76-85, 292 
manufacture, 77 
Pernambuco wood, 457 
Persian berries, 444, 516, 531) 
red, 273 
Persio, 454, 539 
Peruvian saltpetre, 317 
Petroleum colours, 654 
Phenol, 464, 469, 470,171, 172 
Phenolphthaloin, 343,477 
PhenvlglycocoU-orthocarbamic acid, 478 
Phloxine, 488, 501. 512.631, 534 
Phosphine, 531, 536 
Phosphorescent iwints, 669 
Phosphorite, 379 
Photography, colours for, 673 
Phtaleines, 466 
Phlhalio anhydride, 478 
Phthalimide, 478 
Picric acid, 2, 463, 475,636 
Pigment Bordeaux It, N, 531, 535 
chlorine, 496, 531 
chrome yellow L, 496, 631 
colours (so-called), 489, 496 
crimson, 496 
fast yellow, 531 
orange R, 496,531, 535 
purido A, 406, 531, 535 
red 0, B, 531, 535 
scarlet, 531, 535 
Pigments, black, 406-28 
Pincoffin, 452 
Fink colour, 284 
lake, 601 
salt, 331 
Pipe*clay, 382 
Pisolite, 373 
Pittacali, 464 
Piuri, 487 
Plain blue, 500 
Plaster of Paris, 372 
Platinum grey, 401 
Flossy's green, 239, 240 


Plumbago, 402,405 
Pluto orange, 492, 531 
Polygonum tinetoriumf 447 
Polyhalite, 870 
Poppy oil, 544 
Porcelain earth, 882 
Potash, calcined, 310 
caustic, 309 
crude, 310 

Potassium antimony tartrate—T abtar 
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bichroinat^ 128,135 
analysis, 301 
manufacture, 139 
properties, 136 
carbonate, 810 
chlorate, 312 
felspar, 382 
ferri-ferrocyanide, 165 
ferrocyanido, 165, 305, 307 
hydrosulphide, 313 
hydroxide, 309 
monochromate, 135 
manufacture, 135 
monosulphide, 313 
nitrate, 310 
pentasuiphide, 313 
salts, 310 
tests, 313 
silicates, 312 
Powder magenta, 531 

Preparations for colour - manufacturing, 
general, 13 
Primuline, 531 
Printing green, 244 
inks, 564,566 

Prussian blue, 165, 244, 255, 341, 555 
manufacture, 165-76 
direct method, 175 
oxidation with bichromate of 
potash and sulphuric 
acid, 172 

with chlorate of potash 
and hydrochloric acid, 
172 

with chlorine, 171 
with concentrated hydro¬ 
chloric and nitric acid, 
171 

with iron chloride, 171 
with iron sulphate, 170 
with nitric and sulphuric 
acid, 169 
neutral, 175 
soluble, 176 
brown, 284 
red, 393 

Prussiate of potash, 305 
Pseudopurpurin, 452 
Punicin, 439 
Pure blue, 600, 531 
Purple, French, 539 
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?un>ld red, 278, 380 I 

Baai],438 

Purpwa 438 | 

patuln, 438 i 

Purpurine, 477, 634 
Purree, 437, 639 
Pyramine yellow, 531 
Pyrazolone colours, 476 
Pyridine, 471 
bases, 470 

Pyritea, containing zinc, 120 
Pyrosulphuric acid, 334 
Pyrrhol blue, 632 
brown, 532 
yellow, 632 

Qubrcitin, 477 
Queroitrin, 455 
Quercitron, 445, 539 
^uai’oux digitate, 455 

455 

trijida, 455 

Quickailver chromate, 282 
colours, red, 273-82 
QuinoUu colours, 477 
red, 477 

yellow, 477, 490, 510, 529, 531, 536 
Quinuncoxytues, 47o 
Quinoniuiidc colours, 477 

Reaction pots for white lead, 9ti 
Kealg&r, 154 
lied Iron-stone, 390, 391 
lead, 256-67, 342,502 
calcining, 263 
crystal brand, 257, 266 
formation, 257 
from lead sulphate, 260 
furnace, 259 
vegetable, 459 
Redwood, 539 
Regeneration method, 554 
Relief printing, 566 
Reseda green (lake), 613, 517 
JUsMa luteola, 461 
Resin oil colours, 564 
Resorcin colours, 488, 601 
Retort furnace, 186 

for black pigments, 408, 423 
for zinc white, 86 
graphite, 403 

Reverberatory furnaces, 363-64 
Rhamnazln, 446 
Rhamnetin, 445, 477 
RKamnuif 444 

Rhodamine, 466, 477, 488, 503, 506, 507, 
608,611, 631 
Bhoduline, 503, 605, 631 
Rhnt cotinui^ 444 
Binmann’s green, 241,242, 342 
Boccella, 453 
Roller mills, 549 


Rosanllinei 465, 488 
blue, 536 

Rose bengale, 488, 501, 509, 631, 664 
Rosenstiehl green, 266 
Rosoiic acid, 464, 465, 477 
Rouge en ojuiettes, 459 
en feuilUf, 459 
en tMm., 459 
Roval reds, 501 
Ruberythric acid, 452 
Rubia, 450, 452 
Rubin N, 531 
Kubine, 608 
Ruddle, 384, 390 
Ruccu tree, 463 

Saeklor—*<!<» Safflower 
Safliower, 2(X» 
carmine, 639 
East Indian, 458 
Egyptian, 468 
German, 458 
Hungarian, 458 
Italian, 458 
Levantine, 458 
Persian, 458 
plant, 458 
red, 459 
Russian, 468 
Spanish, 468 
yellow, 459 
Saffron oil, 460 
Sa/ran, 460 
hdtard, 468 

Safranine, 477, 603, 608, 531, 634 
Salicor, 315 
Salicylic acid, 471 
Salt, 4, 320 
Saltpetre, Chile, 317 
Indian, 311 
manufacture, 311 
occurrence, 810 
properties, 311 
rctining, 323 

Salts, basic, neutral, acid, 5 
Santal wood, 460, 539 
Santalic acid, 460 
Santatin, 460 
Sap green, 460 
Sapan wood, 457 
Satin green, 244 
Satiuobre, 385 
Sausages, colours for, 568 
Scarlet, 493, 497, 498, 511, 613, 531, 534, 
635 

Biebricb, 529 
brands, 495, 631 
brilliant, 281 

lakes, 498, 495, 497, 496, 609, 513 
red, 281 

Scheele's green, 226, 841 
manufacture, 226 
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Sohnlteer^e green, 289,240 
Sohattgelb, 445,616 
Schweiufurth greeij, 212 
Screw mills, 65 
Seed lac, 436 
Seladon green, 896 
Semi-glaze colours, B68 
Sepia, coloured, 438 
natural, 438 
Serpentine, 881 
Bgratttto painting, 559 
Shellac, 436 

Sliip bottom colours, 568 
Siccative —fice DniBBS 
Siderin yellow, 126,154 
Siderite, 306 
Siennas, 385 
Sifting, 18, 367 
uiacliines, 61 
Silica, 284 

Silicate colours, 381,660 
silk dyeing, 671 
green, 261 

manufacture, 261 
Silver grey, 400, 401 
Silver lithai«ge, 268 

Site, n 

Sky blue, 631 
Slate grey, 400 
white, 105 
Smalt, 200, 202, 311 
properties, 201, Ivi 
Snow white, 85 
Soaps, 605 
Soapstone, 381 
Soda, 314 
alum, 288 
analysis, 322 
calcined, 314 
caustic, 313, 681 
crystallised, 314, 316 
Egyptian, 314 
from Aigues-Mortes, olo 
barilla, 316 
Narbonne, 316 

green, 219,243 _ , 

manufacture (“ ammonia soda 
316, 816 
natural, 314 

solutions, 682 

ultramarine, 177, 178, 283 
Sodium aluminate, 482 
bicarbonate, 317 
bichromate, 301 
borate, 398 
carbonate, 314 
chloride, 320 
compounds, 313-23 
analysis, 321 
hyposulphite, 672 
nitrate, 317, 323 
nitrite. 318, 323 - 


INDEX 


Sodium phosphate, 819, 

• slUoate, 320,608 
* stannate, 330 
sulphate, 317 

Solid green (colouring matter;, wi 
^ (lake), 603, 615 
Solubility, 6, 678 
Solutiou, saturated, 6 
vessels, 16,17, 18 
^Solutions, 13, 343 
Solutol, 471 

Soot furnace, 420 

general notions, 415 ^ 

manufacture, 416 et Mq. 

by electricity, 421 
pigments, 415 
plant, John’s, 421 
Siemens’, 421 
Soot-collector, 419 
Spanish black, 407 
j white, 373 
1 Spirit, 72 

varnisli colours, 602 
Stained glass, 673 
paper, 669 

Staining colours, 673 
Stamping inks, 665 
mills, 358,369 
Standard types, 540 
Slanni? chloride, W, dJlt 486 
Stannous chloride, 3_29, 48o 
Starch, 174, 480, 67u 
Steam, 13 

pipes, 16, 17 
Steatite, 381 
Steel blue, 173 
engraving, 666 
Steinbiihler yellow, 165 
Stereochrome painting, oOO 
Stick lac, 437 
Stilbene colours, 470 ^ 

Stirring plants*. 16,16 
Stone green, 396 
grey, 400 
mills, 66 
red, 390 

314. Stone-breakers, 358 
’ ‘ Stove polish, 402 

Strontium sulphate, 86 
Substantive colours, 433 

Sugar of lead, 294, 296, 488, 585 
Sulflne colours, 434,466, 407 
yellow, 631 
Sulpnon black, 476 

St»"*381-S4,337.58T 
anhydride, 334 
Englieh. 332 
formation, 333 
fuming. 332, 334 
manufacture, 332 
Nordhausen. 332, 334 



Sulphurie acid, ordinary, 332 
properilee,331 
Sumach, 95 

Summer madder root, 452 
Symbols, 6, 575 

Tablw, 577-88 
Tachyhydrlte, 327 
Tailor's chalk, 381 
Talc, 881 

application, 381 
properties, 381 
Talcum, 381 
Tonuic acid, 337, 604 
Tannin. 488, 604 
heliotrope, 531 
Tartar emeUo, 290, 488, 501 
Tartrasine, 470, 631 
Tempera painting, 557 
Temperature, 12 
Terra cotta, shades of, 400 
di Sienna, 555 
Terraflrma wood, 457 
Tetrazo colours, 470 
Th6nard’8 blue, 200, 202 
Thiazol colours, 477 
Thiocatechin, 407 
Thioflavino, 477,531 
Thioindigo red, 407, 478 
scarlet, 467, 478 
Three-colour printing, 574 
Tin compounds, 329-31 
tests, 330 
dichloride, 329 
nitrate, 330 
stone, 330 
sulphide, 155 
tetrachloride, 329 
white, 125 
Tincal, 298 
Tolidine, 525, 526 
Toluene, 469 
Tournant oil, 572 
Toumesol, 453 
Tricalcium phosphate, 380 
Trinitrophenol—we Picric acid 
Triphenylmethane colours, 477 
Trona, 314 
Tropeoline, 476 
Tungsten yellow, 155 
Turkey red, 461 

dyeing, 672 
oil, 505, 619, 520, 521 
Turmeric, 452, 539 
Turnbull's blue, 174 
Turpentine, 644 
Turquoise blue, 531 
green, 241,242 
Typewriting inks, 566 
Tyrolean green, 396 

UliTBAMARINB, 177,178, 179 
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DItramatlae bln«, S, 177, S04, ?41. S5B 
assay, 177,198 
calcining, 181 
drying, 196 
grinding, 193,195 
fe^gating, 191,194 
mannfaoture, 181^200 
mixing, 180,196 
pressing, 180 
properties, 198 
sifting, 196 
•washing, 194 
cylinder furnaces, 186 
green, 182, 242, 341 
blueing, 188^ 
grinding, 184 
properties, 189 
working, 189, 243 
hearth furniices, 186 
heating, 181 
historical, 177 
mixtures, 181, 195 
fiipitonou 1H7 


raw green, 181 
materials, 179 
red, 199 
sickness, 109 
violet, 199. 342 


yellow, 120,156,199 
Umber, brown, 397, 555 
burnt', 303, 397, 398 
calcining, 398 
Union dyeing, 672 
Uranine, 531 
Uriuo vat, 573 


Valbncy, 6, 677 
Vandyke brown, 400 
red, 282 
Varantia, 452 
Varentia, 462 
Varnish, 68, 644, 552 
lakes, 512 
Vats, 14 

Vegetable black, 405 
Vehicles, 70, 552 
Velvet brown, 397, 399 
Venetian lake, 436 
red, 390, 893 
scarlet, 437 
Ventilation, 12, 48 
Verdigris, 205-11, 34 
b^ic, 200 

crystallised, 206, 208 
French, 205 
neutral, 206,208 
Russian, 210 

Vermilion, 3, 68,273-81, 842, 501, 566 
Americon, 273 
Ddberoiner's method, 279 
dry method, 274 
Dutch method, 275 



604 4NDEX 


Vermilion, German method, 279 
Hanftamanu’s method, 280 
Idrian method, 276 
Martins’s method, 279 
Ksab’g method, 280 
green, 244 
scarlet, 531 
sublimation, 277 
VermiHonettes, 261, 501, 502 
combined, 512 
properties, 281 
red, 512 

Veronese earth, 396 
yellow, 153 
Vert de gri», 205 
de Ouignnt, 232 
Vesuvine, 503, 508, 531 
Victoria blue, 603, 508, 531 
green, 229 
red, 273 

yellow, 490, 531 
Vienna lake, 436 
red, 273 
Vine black, 412 
Vinegar from beer. 307 
from fruits, 307 
from wine, 307 
from wood, 307 
Violet, 581 

lakes, 499, 508 
Viridin green, 500 

lakes, 510. 612, 513 
mixed, 514 
Vitriol ochre, 389 

Waifa, 446 
Wall-paper colours, 567 
green, 513 
Warns, 461 
Wash blue, 500 
Water, 11,22, 24 
blue, 500, 531 • 

Water*colour painting, 556 
Water-glass, 820 
Wau, 461 
Wax, 660, 661 
Websterite, 285 
Wet copying inks. 564 
mill, 24 

White lead, 89, 293, 340, 555 
adulterations, 115 
apparatus, Corbett, 118 
application, 89, 115 
Browne-Chaplin process, 113 
chambers, 100 
drying, 112 
Dutch method, 91 
electrolytic method, 114 
English method, 373 
French method, 107 
German method, 96 
historical, 89 


' 

White lead, Elt^enfurt method, 98. 
managing, 103 , 
manufacturing, 90-118 
Montgomery process, 113 
non-poisonous, 117 
Oettli process, 114 
Pattison process, 113,117 
Payeu process, 113 
poisonous, 116 
pots (charging), 94 
(emptying), 95 
properties, 114 
Puissant process, 113 
separation from residues, 96 
substitutes, 117, 290 
Thenard process, 107 
Tibbit process, 114 
wash waters, 106 
paste, 165 
Whiting, 373 

occurrence, 373 
preparation, 374 
properties, 376 
use, 376 

Witherite,77. 84, 292, 369 
Woad, 447,461,539 
dyeing, 461 
Wongshy, 462 
Woo<l oil, 544 
Wool black, 476 
blue, 531 
dyeing, 571 
Writing inks, 563 

Xakthogenates, 568 
Xanthones, 477 
Xanthophyll, 443 
Xanthorhainnin, 445 
Xylene, 469 
blue, 500, 531 
XyHdino scarlet, 631 

Yellow beubibs— we Persian bebejibs 
green, 631 
lakes. 490. 509, 510 
ochre, 555 
ultramarine, 155 
wood, 446 

Zapfbe, 200 
ZapoD varnish, 562 
Zinc, 

blende, 328 
carbonate, 328 
chloride, 828,329, 588 
chromate, 125,1^ 
chrome, 126 

assay, 129, 340 
composition, 129 
historical, 126 
manufacture, 126-29 



2(p^^rome, pfopertles, l2d 
‘washing, 128 
compounds, 327 
tests, 328 
dost, 401, 572 
flowers, 85 
fume, 86 

green, 242, 251, 342 
manufacture, 252 
sifting, 253 
grey, 401 
ore, 88 

orthochromate, 128 
oxidation process, 86 
oxide, flaky, 88 
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Zinc oxide, manufaciuTo, Wei method, 88 
salts, ^7-29 
sulphate, 827, 329, 583 
sulphide, 328 
white, 86-88,340, 555 
assay, 88 

chemical nature, 83 
manufacture by heating a!no car> 
bonate, 88 

from metallic einc, 85 
from zinc ores, 87 
in recovery of silver, 88 
properties, 85 
purity, 88 
yellow, 126-29 
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A.-THE ARTIFICIAL MINERAL COLOURS 


PART I 

GEHTEEAL BEMARKS ON THE ESTABLISHMElfT 
OF A COLOUR WORKS 

For colour works, as in all chemical factories, an ample supply of pure soft 
water is a very important factor, since the purity and softness of the water 
greatly influence the brilliance and the other qualities determining the 
utility and selling value of the resulting colours. 

Of equal importance to the prosperity of a colour manufactory is the 
question how to purify and discharge the large volumes of fouled or waste 
water (dften injurious in character), so as to satisfy legal requirements. In 
certain circumstances this point may become more important than the 
question how to obtain the water-supply, the solution of the difflculty some¬ 
times causing endless trouble and expensive alterations. Hence the choice 
of situation for the establishment of a colour-works is very important, apart 
from the question of favourable connection with railways or other meansof 
communication. 

Hard water, containing lime, magnesia, or iron, is unsuitable for the colour 
manufacturer, as is also water containing more or less considerable quantities 
of ammonia, chlorine, nitric acid, &c., or organic bodies. River water Is the 
best of all, being quite soft enough, and practically inexhaustible in quantity. 
Only the upper reaches of rivers, however, can be considered suitable, since, 
especially in industrial countries, the water lower down is naturally more 
cSntaminated. 

In choosing the site for a colour works the possibility of an increase of 
business must also be taken into consideration. This circumstance, unfor¬ 
tunately, is usually insufficiently appreciated at the outset, if not entirely 
neglected., Ajrart from the fact that the restriction of working space, may 
oecaslon great inconvenience by preventing quick delivery of orders, and 
thereby causing offence to customers, it has frequently happened that 
important firms have been forced, through lack of room for expansion, to 
give up their original works and build more spacious premises elsewhere at 
very heavy cost. 

. In planning a factory for manufactnring different kinds of colours care 
should be taken to separate the various groups, and not only provide special 
(potns for the manufacture of yellows, greens, blues, reds, &c., but also foi 
itite grtndfogr drying, and sifting processes. Although the great advaqtagt 
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of 9uch ah arrangement is evident^ it is apparently often neglected, even in 
works of considerable reputation, presumably on the ground of economy. 
Every one engaged, in colour manufacture, however, must agree that this kind 
of economy is a false one. 

To facilitate operations and preserve the liealth of the workrpeople the 
workrooms should be as high as possible, bright, and well-ventilated, to 
ensure rapid change of air and complete removal of dust, gas, and vapours. 
Good ventilation is absolutely necessary in drying-rooms, where every un¬ 
necessary delay in the progress of drying means considerable loss. For 
drying apparatus, as a rule, air heated by direct fire is preferable to steam, 
on the score of economy, though it is undeniable that the former is at a 
disadvantage in connection with fire risk. On the other hand, whereas 
experience shows that steam is not suitable for all colours, especially chromes 
and the still more delicate chrome greens, hot air is quicker in action, and, 
provided perfect ventilation be employed, there is no danger of impairing 
the shade of the colours from overheating.* This danger arises chiefly from 
faulty ventilation retarding the removal of the steam given off from the colours 
in drying, and therefore this circumstance must be specially borne in mind 
in the arrangement of drying-rooms. 

Many mineral colours are very liable to lose in brightness during the 
time consumed in the washing process. It is therefore necessary to avoid 
any loss of time wherever possible. A good deal of time is often lost through 
the supply of water being conveyed in small pipes, so that several hours are 
consumed in refilling a [)recipitating tank with water for washing. There¬ 
fore in fitting up a colour works it is very important to provide large pipes 
for the water-supply from the beginning, so that the necessary quantity of 
water can be obtained quickly and conveniently. This equally applies to 
steam pipes ; and it should be stated that copper pipes are preferable to iron 
pipes, although more expensive. Iron pipes, moreover, are subject to the 
inconvenience of getting very rusty inside if left unused for a long time, and 
the rust has a bad effect on most colours when it comes into contact with 
the dissolved raw materials. 

Wherever possible it is advisable to collect the condensed water from the 
steam plant and to use it for dissolving the raw materials. Owing to its 
purity, this water is specially adapted for dissolving coal-tar dye-stuffs^ which 
often dissolve with difficulty in ordinary water. 

The flooring of the workrooms is preferably made of asphalt or cemept 
throughout, as such floors can be cleaned quickest and easiest and are imper¬ 
meable to water. Wood, sandstone, or brick floors are unsuibxble in many 
respects, chiefly because the materials will not stan<I much wear, and need 
frequent repairing, whicli makes them dearer in the long run. 

The arrangement of the workrooms depends, of course, upon local coii- 
rf^rations and the existing circumstances of each case, and therefore no 
definite recommendations or fixed rules can be given. Generally, however, 
It is advisable to arrange the available space in such a way that the rooms for 
wet processes are placed next the rooms containing the moulding machinery 
and the drying-rooms, these latter, again, being close to the rooms containing 
t^lie crushing-machines, packing-roora, store, and forwarding departments, 
buch an airangement of the different workrooms will save much time and 
* The temperature in drying-roorafl should, as a rule, not exceed <0-50*. C. 
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labour, and therefore much money as well, by the avoidance of useless and 
time-wasting conveyance of the goods to and fro in course of manufactuTe, 
whilst at the same time space will be' economised. 

Steam is generally the best motive power for use in colour works, since 
the heating of the water for solution and precipitation, extracting dye woods, 
working high-pressure autoclaves, &c., necessitates the use of steam, this 
being the easiest and cheapest method of heating quantities of water or 
solutions quickly, since the steam also acts as a mixer and replaces stirrera. 
Moreover, the heating of drying-rooms and of the workrooms and offices of 
the establishment is most conveniently effected by steam. Therefore, since 
a large steam boiler must be provided in any event, the installation of a 
steam engine is evidently desiral)le for supplying motive power to the whole 
works. If water power be available close by (as is the case in some manu¬ 
factories of earth colours and colour-mills), the steam engine need only be 
used for part of the premises, or at intervals, as a reserve machine. In . 
selecting a steam boiler choice must necessarily full on one affording a large 
steam space, and capable of furnisliing higli-pressure steam quickly, so as to 
supply the varying demands of the establishment at all times. 

All colour factories specialise in certain lines, and therefore the different 
works are fitted up specially for the production of certain kinds of colour. 


GENEBAL PREPARATION OP THE MATERIALS 

Raw Materials—Washing the Colour-Bearing Materials—Dissolving 
Salts—Apparatus and Machines 

Preparation of Raw Materials—The processes, apparatus, and machini 
used in colour-making, and described in the following chapter, can, < 
course, only be dealt with in relation to the general manufacture and trea 
ment of colours. Where special arrangements of no general application a 
needed they will be mentioned in dealing with the colours in question. 

^t is not the purpu.se of this work to describe all the operations and inn 
merable (sometimes very complicated) forms of apparatus and macliines used 
at different works in accordance with individual preferences; we will only 
consider such as are specially characterised by simplicity and practical value. 
This does not mean, however, that the operations and mechanical arrange¬ 
ments here described are a sine qud non for obtaining satisfactory results; 
every manufacturer will prefer to choose his own method of working, 
according to his own experience and technical skill, and with regard to the 
. special circumstances of the case. As is the case in most other branches of 
industry, a clever man can obtain satisfactory results in the manufacture of 
colours by the application of simple means. . , 

It was stated in the Introduction that the manufacture of most colours 
depends on the chemical transformation of two or more salts, which for this 
purpose must be in the state of aqueous solution. The more dilute these 
solutions are employed, the finer and generally more brilliant are the 
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resulting nrecipitates, and the more highly appreciate we these cpteiir* 
In' use. Hence, in the first place, the pretipilation vats used must be to 
large and spacious as possible. As a rule these vats (Figs. 1, 2) are very 
solidly made from oak or fir wood (free from knots), to hold 500-1000 gallons 
or more, and are provided in front with several holes at different levels, 
■whifch can be tightly closed by fairly long, tapering wood plugs. These 
plugs are driven into the holes by means of a hammer. The arrangement 
of tne holes is such that the lowest is placed quite close to the bottom of 
-the tank, as shown in Fig. 2. The vat itself should be mounted upon a 
strong support, just high enough to enable the whole of the precipitated 
pasty colour to be run off into a vessel (bucket, &c.) placed underneath 
the hole. The best shape for these vats is decidedly the circular one, 
but, if rendered necessary by circumstances, square tanks with rounded 
comers can be used. Tliis, however, is only advisable when the vats or 

tanks are always kept 
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in the same place, 
since square vessels 
are more difficult than 
circular vats to tilt and 
move about. 

Insomeplaces laige 
oval tanks are used. 
In these the thorough 
mixing of the contents 
is said to be facilitated 
by the circumstance 
that the movement df, 
the stirrers does not 
impart a uniform mo¬ 
tion to the whole mass, 
the velocity being 
lower at the ends of 


the longer axis of the oval. On the other hand, a difficulty is caused in 
the case of heavy pigments by tbe tendency to deposition in the parts 
unacted on by the paddles. 

Every vat is provided with pipes for admitting cold water and steam, 
and it is very useful to have a sH])ply of warm water as well. 

Separate vats must be used for each kind of colour made. The method 
of working is generally as follows; 

The solutions, prepared as will be described later on, are run into the 
tank, and thoroughly mixed by rapid stirring, until the conversion of th® 
Salts has been completed. The mixture being left to stand, the precipitate, ' 
which is always specifically heavier than the water, settles down to the 
bottom at a rate proportionate to its specific gravity and to the degree of 
dilution of the solutions from which it has been produced. The supernatant 
liquid, which is perfectly clear, and in some cases water-white, has next, to 
Be removed. This is done by drawing the plug next above the highest; 
layer of precipitate, yrhercupon the liquid, which is mostly useless,- runs 
off.. After replacing the plug, the precipitate is washed by filling tho; vajt. 
.with wster and constantly stirring the mixture, the precipitate being ihsA 



to rolwide *S»in. The same, manipiiliition has to be repeated m 
d^bed above. After some time the precipitate settles down to the 
than^th/f‘r’f*”** ‘?P containing considerally less impurity 

L efficient washing of the colours is certainly one of the mMt' 

‘i*® ”»">'<'''ef'n’ingprocess. The more carefully^ 
iMnipulation IS performed, the greater is the certainty of obtaining a soft ^d 
Tliis applies especially to all the cdours uSd 
by lithographers, printers, &c., which, if defective, are usually so as a 
sequence ot insufficient washing. The same cause is, in many cases ^be 

SrseTl'jsaf “S appMcation. - 
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the particles of colouring matter 
retaid the drying process, or pre¬ 
vent it altogether. 

For stirring the liquids in the 
working vat use is made of suitable 
large and strong wooden crutches 
or paddles (as shown in Figs. 3 
and 4), tjie manner in which they 
are used needing no further ex¬ 
planation. The volume of liquid 
being too great to be stirred effi¬ 
ciently by hand, mechanical 
stirrers are used, driven by water 
or steam power. In this case, 
however, the construction of these 
stirrers, must be as .simple as 
possible, since otherwise they 

a hindrance than an advantage in point of quickness 
and efficiency. The employment of specifically heavy materials, Such 
as Urytes, red lead, white lead, lead sulphate, &c., being ue^sarTte 
U^y cases. It IS inevitable that these materials, when pfesenrHuch 
qufctity as is necessary for some colours, should often settle down to the 

^l*”® ‘ complicated forms 

‘ “PP®”‘“s. however, whL such a con- 

the^Sfltv 11 ‘® '"ay he taken out of the vat, and 

1^1 overeome. On the other hand, when mechanical 
irtlTOta are used difficulty often arises in discharging the colours from the 
^ 1 brs*^reM^ have settled down, and in some instances loss is inevitable. 
Pot this reason mechanical stirrers are rarely used for certain kinds: thowh 
are generally employed for colours that are not very heavy and th^ 
ifhredq not form a very dense mass in settling ^ ^ 

’&K®b?lfitad constructed. , 

. ® Py* •ft®'' *he precipitation and mixing are completed;: 
^i^^etop has been run off. fresh washing water is run in,^ S.- 
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the wuue tinie the stirring machine is set in motion again by lowering it 
slowly into the vats, whereupon the conjoint action of the stirre^ and 
the continually increasing volume of water gradually stirs up the whole of 

the sediment. , „ , u. 

Fig. 5 represents a stirring device that acts well in practice, though 
Simple, and may therefore be specially recommended here. It is made ot 
oak throughov*, and any metal fittings that cannot be dispensed with are 
preferably made of copper, that metal being best able to resist the action 
of the different salts, with a few exceptions only. Iron fittings, whether 
wrought or cast, should be avoided as much as possible, this meta being 
very detrimental to most colours. 

In 'arg works the vats are preferably erected in rows, so as to form 
groups of four, leaving a jKiHsage between tliein. 'I'he water and steam 
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pipes are arranged in the gangway between the rows, with branch pipes 

and taps for each vat. , , r. i 

Between the pipes and the ceiling runs the shafting for driving the 
whole of the stirring machines, each of which can, of course, be stopped or 
started separately. The tanks must not stand directly on the floor, but upon 
a wood and iron frame, about six feet high. Underneath this frame are 
the filters, presses, &c.. for eliminating as far as possible the water adhering 
to the pasty colour before drying. 'I’he supernatant liquor is drawn off by 
syphons, adjustably mounted on the upper edge of the vat in such a manner 
as to remove the clear liquid as completely as possible from, the precipitate. 
The escaping liquor falls on to the asphalt floor, which floor, sloping toward 
the centre, allows the water to run away into subterranean drains. The 
hplefor drawing off the precipitated colour is at the bottom of the vat, 
where a short outlet, with valve, is arranged, through which the colour paste 
is conveyed by means of flexible piping to the filters, filter presses, Ac.. 

The process of dissolving the salts for colour making is usually effected 
by the aid of hot or boiling water, the operation being generally too slow 
when cold water is used. When, however, for instance, with chromes sild 
chrome greens, &c., cold solutions are essential, hot solutions must be diluted' 
with cold water until the suitable temperatures have been attained. HeBcS, 
apart from the quantity of salts to be dissolved, the size of the vessels iia*ld 
in preparing the solutions is by no means a matter of indifference. 

■Where the quantities are not very large most colour-makers prefUe 10" 



use petroleum barrels, withri^pen't^ or cut Jji two^ these barrels beljoff . 
generally made of ver^^^rong ma^rialj weU dpd are biote 

easily transported, on^/account of tteir very bandy shape, than . any 
other kind of ves^l' made of the si^e material. If, however, h 
necessary to make A^rge quantities at a time, it is advisable to arrange jri the - 
middle of the w5rkroom a special system of solution vessels at a sufficient 
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height to allow the finished solutions to be run into precipitating tanks con¬ 
veniently, preferably by means of wooden gutters. Steam for heating or pr^‘ 
longed boiling ofthe Solutions, and cold water for dilution, must be availalde 
in sufficient quantity. The number of vessels used for dissolving depends, 
of.^cpurse, on the raw materials required for producing the colours; and the 
sadie vessels must be used only for such colours as are allied either by 
of method of preparation, i.e., belong to the same group—for instahce,- 
the different kinds of chromes. Such colours are usually made froih identl^I* 
raw materials, but at different temperatures. . ' 

For reasons alreuiy referred to, the steam pipes should be made of coim 
lead, or, still better, of porcelain—at least, such of them as come into jKn 
contact with the solutions—to screw on and take off easily! The acran| 
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mrat of a system o( several vessels for solutionSv^ shown in Fig. 6, and needs 
no further explanation. . ' \ 

It sliould be pointed out that the dissolving'Sjf certain salts in metal 
vessels may cause much trouble if the solution corTpdes the metal. For 
instance, in dissolving alum in an iron vessel the solutmp will take up iron, 
and be rendered useless for colours that are injuriously affected by the 
presence of tliat metal. The same occurs with copper\sulphate when 
dissolved in iron pans, iron then passing into solution an(^'Copper being 
liberated. Wooden vessels are undoubtedly the best, but where these 
cannot be used great care should be exercised in choosing metal vessels. 

In dissolving commercial salts it should be remembered that tlity very 
often contain mechanical impurities, such as sand or particles of wood, winch, 
of course, have not been mixed purposely, but accidentally introduced during 
the manufacture or packing—a circumstance which is inevitable even with 
the utmost care. On the other hand, some salts alter when left exposed for 
a long time in the open air: they effloresce, deliquesce, or oxidise. In the 
last event compounds are formed which are perfectly insoluble in w.ater. 
Finally, it frequently happens, through the carelessness of the hands in 
colour works, that foreign matters find their way into the raw materials, and 
at the best spoil their appearance. Solutions in undistilled water sometimes 
turn cloudy. Water containing lime, for instance, will produce insoluble 
lime sulphate when used for dissolving soda sulphate; and phenomena of 
this kind have to be considered when they appear in any striking degree. 

It is therefore necessary to filter the solutions of such impure salts before 
use, or to remove these impurities by sedimentation, which generally occurs 
to a sufficient extent when the finished solutions are left to stand for some 
time. To eliminate the mechanical impurities more quickly from the solution, 
use may be made of fine hair sieves, or bolting cloth mounted on a frame so 
as to form a sieve through which the solution is strained. 

Ihe vats holding the solutions must be fitted with v.alves or plugs close 
to the bottom, for drawing oil the clarified liijuid into the working vat. 
Since all vibration must be avoided in this process, the clarifying ve.ssels 
must be fixed in such a position that the outlet valve is only a little higher 
than the edge of the precipitating tank. 

In the arrangement ot the dissolving vats in Fig. 6 this circumstance has 
been taken into consideration, as the height of the stand whereon these 
vessels are fitted is only a little above that of the largest precipitating tank. 

In spite of all these precautions, it is still advisable to pass the clear 
solution again through a fine silk, hair, or metal sieve on the way to the pre¬ 
cipitating tank, thus preventing the passage of any impurities into the latter, 
this inust also be done even in those cases where there is no doubt about 
the initial purity of the salt, since during prolonged stirring in the dissolving 
process impurities may possibly get into the otherwise perfectly clear 
srtution. For instance, during prolonged stirring small fragments of wood 
often break off from the paddles or from the sides of the wooden dissolving 
tanks, ihe extent to which this may occur under certain circumstances Is 
only too often revealed by a careful examination of the sediment left on the 
sieve by salts considered to be perfectly pure. Therefore it is advisable to. 
use for this purpose the very finest sieves that are made. A number of 
these sieves should be kept, one for each different coloured solution, the 
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;|t|uare shape bein^ preferable t the eircular form,since the foriner can be. 
easily made by the workmen. 

For use, the sieves are laid upon a frame of two parallel smooth-planed 
laths, joined by cross-bars (see Fig. 7). These laths must be long enough 
to fit on to any of the working tanks. 

The methods of dissolving the different salts, especially as regards the 
quantities of water to be used for this purpose, will be referred to more fully 
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A, A, working vats. D, D, steam pipes. R, gutter or shoot. 

Z, Z, dissolving vats. W, IT, water pipe. /, sieve. 

Sy stepladder. 


in connection with the colours in question; in this place merely some 
practical hints concerning the dilution of the various mineral acids used in 
the colour industry will be given. 

Since dilute acids, as a rule, do not attack the wood of the vessels until 
after a considerable lapse of time, the process of dilution can be effected, 
with special precautions, in wooden vats, &c., for, as a rule, the acid does not 
remain long in these vessels. As a rule, when diluting acids with water the 
latter should not be run into the acid, but, conversely, the acid should be 
added to the water which is already in the tank. This rule should be 
specially remembered when diluting concentrated sulphuric acid with water, 
as this operation always results in a considerable liberation of heat, fhe 
resulting temperature rising the higher in proportion as the quantity of acid 

































so 

jn tliemixture increases, in relation to the quantity of/Water. 'For thji 
reason the greateat heat is developed hy pouring the water into the acid* .. 
As a matter of fact, numerous accidents have resulted from this enroneott^v 
precedure; and the frequency with which these accidents occur induces the 
authors to draw attention to the danger of similar imprudent methods* 
Furthermore, for the same reason, warm or hot water should not be used for 
the dilution of acids. 

Compounding the Colours,—Having learned the preparation of the 
different solutions, the next step is the actual manufacture of the colours. 
This is always based on a combination of those solutions in accordance with 
fixed rules. The decisive factor is the order in which several solutions are 
employed ; and this so intimately dejiends on the chemical composition of 
the colours that any departure from the rule will lead either to no result or 
to quite another kind of product from that expected. However, since this 
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order varies according to the colour to be made, it will be better to give a 
particular description when dealing with the colours in question, and to 
confine ourselves at present to a reference to the geneial technical part 
of the question, in order to explain the most suitable way of mixing the 
solutions. 

Generally speaking, two ways of effecting this object are practised ; that 
is to say, the one solution can be poured into the other, or both run into the 
vessel at the same time. 

In the first jirocess the solution to be precipitated is already in the working 
tank, and is precipitated by the other solution, which may consist of one or 
several solutions together. This process is the simpler one, and therefore 
mostly used in practice. o. 

In the second method the liquids are allowed to run into the precipitating 
tanks by taking out the plugs or opening the valves of the dissolving vessels * ' 
simultaneously. It is essential that the outlet openings correspond with. 
the quantities of the solutions in both cases. Otherwise it might easily 
.Iiappen that one of the liquids would be temporarily in eJecess, which In 
‘;.many cases must be strictly avoided. From the foregoing it follows that ■ 
. the process not only entails the use of more complicated appliances Ihaiu . 
,.,the first one, but also more care and labour. Its application is therefore. . 
' confined to cases where it is distinctly necessary for the preparjitioii of SMchd ‘ 
products. 

If the solution tanks are provided with suitable small outlets, the foregoing, - 
pnetiiod is sometimes preferable to the first one, as far as the inflow of a thin' i- 
rCgular stream has a favourable influence on the fineness of grain, and eOjt;" 
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/' Htf^OdiUly oii the sjinooth fraoture that customers very often require. The 
’liquids cannot be so uniformly poured by hand^ and tlierefore the formhtion 
of the precipitate proceeds irregularly, one part being fine-grained and 
imOtber in bulky masses, so that the finished dry colours show an uneven^' 
radial, or jagged fracture. Besidesj it is only in the case of a few colotirs 
that smoothness of fracture is a reliable indication of fineness of grain, 
applying especially to tlie pale chromes and the various kinds of Paris bltte. 
Generally, however, the smooth fracture of the lumps depends too much on 
the structure of the colour in question for the fracture to be a reliable guh3^ 
to tl\e fineness, for most colours am be made with exwtlythe same finenei^ 
and covering power as the pale chromes and Paris blue, though the 
will never exhibit a smooth fracture, owing to the fact that the structure of 
these colours is too loose for them to form compact lumps. 

The disadvantages of the former method of uniting the solutions can be; 
removed in two ways : either by producing the solutions themselves in a very’ 
dilute condition, or by thoroughly stirring the solutions, so as to ensure the 
rapid distribution of the precipitated bodies. 

A continuous and thorough stirring of the liquids during the preci- , 
pitating processes is, with few exceptions, a condition sine qitd non for a • 
good result, and one need not be afraid of overdoing it. In the 
first place, stirring facilitates the mixing of the liquids, and therefore, as 
already shown, produces a finer division of the precipiUte, which contri¬ 
butes equally to the brilliancy of the colours. This favourable influence ' 
of a thorough stirring, which is so im]>ortant in the production of even 
simple colours, is still more so in the case of compoiuid colours, in which 
there has also to be considered the question of efiicient mixing with the 
other substances, which mostly serve as carriers of the colour (bases). 

A great number of colours are, in fact, prepared by precipitating the colour¬ 
ing'matter from the solutions direct on to carriers, like barytes, white 
lead, red lead, &c.; and ns these substances, owing to their high specific . 
weight, are inclined to settle down very firmly at the bottom of the workiflg' 
tank, a continued stirring of the liquid in which they are contained is 
necessary to prevent this (leposition. 

The manufacture of compound colours, which can be considered as more. 
Or less diluted pure colours, such as lower qualities of chromes, Bremen blue, 
Paris blue, chrome green, &c., is based more especially upon the experience ' 
thatf« more intimate mixture of the pure colour with the carrier can be , 
c^tained with greater ease by the wet process than is possible by dry mixing; 
For this purpose the bodies serving as adjuncts or carriers are mixed with- 
tiater, and put in the working tanks, where tliey are kept suspended 
^btinual stirring, the colouring substances being then directly precipitated 
upon thetn from solution. The carrier (or “ base ”) in this operation has to > 
be brought into direct contact with at least one saline solution, and, being 
i^arded as in a state of solution, is treated accordingly. If this ' 
•dl^itibn be now precipitated by another solution, the resulting coloured ' 
pl^ipitate will envelop every single particle of the base in such a way tha| ; 
^he original colour of the latter disap|)ears. ' / ' 

> ,, The resulting new colour, which must be considered as a mixture, appears 
ji^hter or darker than it is in the pure state, according to the originalX 
,l^hter or darker shade of the base. The envelope covering the separate' 



tga COLOUR MANUFACTURE 

particles of the substratum will be the more perfect in proportion to the 
fineness of division of the resulting colouring precipitate and to the dis¬ 
semination of the base. To obtain these results in the highest degree it is 
essential to work with very dilute solutions and to keep the whole liquid in 
continual motion in the working tank. In other words, the liquid must be 
continually and thoroughly well stirred during the process of precipitation, 
as well as after precipitation is completed. 

The prime conditions, therefore, for obtaining a perfect product are great 
dilution of the saline solutions used for jirecipitation, and continual efficient 
stirring during and after the formation of the colour. In all cases where 
the result has failed the failure must be ascribed to neglect of one or other 
of these conditions. 

This rule applies, with few exceptions, to all colours produced by the 
precipitation process, no matter whether they are prepared in a pure state 
or as mixtures with other bodies. In practice it is sometimes very difficult 
to keep such lar^e dissolving tanks for every single salt, or at least for salts 
belonging (chemically) to the siime group, as the extreme dilution of the 
solutions necessitates. This, however, can sometimes be remedied by filling 
the precipitating tank (which then, of course, must be very large) half full 
of water, and afterwards introducing the solution of salt for precipitation 
through a fine sieve. 

The advantage of this method is that at least one of the solutions can be 
diluted to a far greater degree than is )) 0 ssible in the ordinary' w'ay of manu¬ 
facturing in special dissolving tanks. At the same time the second solution 
can be kept more concentrated without any ill effect on the resulting colour. 
Experience shows that it is quite immaterial whether a colour has been 
prepared from solutions that liave been diluted as much as possible or 
whether one of them has been twice, three, or more tinres as strong us the 
other. The sole devisive factor for a salisjactory result is the total quantity of 
water used in making the colour. 

The accuracy of this view is best illustrated by an example. 

Suppose that a certain brand of chrome is to be jrroduced in accordance 
with a formula specifying 2000 pai*ts by volume of water. It will be 
immaterial to the shade of the resulting yellow whether the sugar of lead 
and the corresponding quantity of bichromate of potash are each dissolved 
in 1000 parts of water or whether tlie tank is filled with 1000 jwrts of water 
and the sugar of lead and the bichromate of potash are each dissolved in 
500 parts of water, since in either case the total quantity of water prescribed 
for the operation amounts to the same—namely, 2000 parts. Where the 
working space is limited the proportion can be altered to still greater 
advantage by running, for instance, 1500 parts of water into the working 
tank, and dissolving each of the salts in 250 parts of water. Apportioning 
in this way the amount of water allotted for dissolving the raw materials, 
we obtain a means for reducing the dimensions of the solution vessels to a 
minimum—a circumstance of great importance to colour-makers working 
with only a slender capital or hampered by want of space. 

As already remarked, it is specially important in the manufacture of 
mixed colours to have the added raw materials, such as barytes, gypsum, 
chalk, kaolin, clay, &c., introduced in a finely divided state. This condition 
can be most simply realised by first making the weighed quality of 
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additional matter into a paste jn a suitable wooden vessel, preferably a 
cut-down petroleum barrel. . This paste must be diluted with water until 
it assumes such a thin liquid consistence that it can be passed into the 
working tank through a fine sieve. When the final remainder of the 
liquid is in the tank the prescribed quantity of water must be made up 
if this has not been already done. In this way the additional matter 
is distributed sufficiently to allow in most cases the colouring matter 
to be absorbed without any difficulty. • 


Fig. 8. 



The foregoing especially applies to minerals which can be easily ground 
in*the dry state, the fine powder considerably facilitating the aforCvSaid 
process of preparing the base. Owing to their crystalline nature, these 
materials—for instance, barytes, chalk, &c.—arc not difficult to form into a 
paste with water, whereas the case is different with most of the argillaceous 
raw materials, the very rich clays in particular. As they can very seldom 
be ground in the dry state, these must therefore be generally used in the 
form of irregular lumps and fragments. The difficulty of working these 
materials in the above-mentioned manner would be still greater were it not 
that all these clays, when left a long time in contact with water, change 
spontaneously into a soft, pasty condition. Even, however, in this state 
ciays> and especially the rich kinds, are always difficult to work. The paste 
made by softening is generally so slimy and ntlhesive that much time and ■ 
water are consumed in passing the clay paste througli a sieve of tlie requisite 
fineness for colour-making. This difficult work, however, can be considerably 




simpUSed liy jp'lnduig ihe'olay paste again'iit;a big hoppgs ibilf ^igl 8) ei ? 
(to larger works) a so-called wet mill (Fig. 9). . • 

The former, which may also serve to grind dry colours with varnish, is 
known to all painters, and is in such general use that every important colour 
fern possesses several of these mills, so there is really no need to give a' 
■detailed description. 

■ The wet mill is identical in principle with the mills used for grinding 
e 9 m, tan, logwood, dry colour, &c. In this system, too, the stone runner. A, 
rests freely, by means of a fast or loosely embedded plate, II, on a vertically 
adjustable shaft, E, which can be regulated by the setting bar, li, and the 
arljusting screw, iV. 

The lower mill-stone,/?,is recessed all round its periphery to a sufficient 
‘ depth to make a water-tight joint with the vat like wooden casing, C, 
which is bound together by iron hoops. The grinding stone is driven by 
the vertical shaft, £, actuated by cog-wheel gearing fitted with a stop motion. 

In using the wet mill the tank, C, is filled about half full with water, which, 
when the stone begins to move, gradually advances in the same direction as 
the latter. The materials, suspended in water, are then run into the mill. 

A baffle, D (Fig. 9), a shaped, thick jneee of board, of hard wood, and 
perforated with holes, interrupts the circular motion of the liquid, and guides 
it into the breast of the grindstone, thus feeding the solid material to the 
stones to be ground. This operation being repeated continually, a short 
time frequently suffices to transform, by aid of the wet mill, even the most 
sticky materials into a finely divided, uniform, and more or less fluid mass. 
.When the operation is finished the mass is run out through a vent or tap into 
a vessel underneath. 

The Washing Process.—After the colours are made they have to be 
washed more or less repeatedly to remove the soluble by-products formed in 
the process of precipitation. Pure water is preferably used, other liquids 
being rarely employed. The water may be cold or hot, according to the mode 
, of manufacture or the sensitiveness of the colours to high temperatures. In 
both cases the duration of the process and the result obtained are usually 
' identical, the maintenance of a certain fixed temperature having, as a rule, 
no influence on the successful performance of the washing. If, nevertheless, 
a fixed temperature be prescribed for certain colours, this is due to the fact 
that the technical quality of the colours in question would be disadvantage- 
onsly affected in some way or other by other temperatures than those 
mentioned. ■ 

The duration of the washing process depends, first of all, on the physical 
character of the precipitate, and more especially on its higher or lower 
.specific gravity, its more or less distinctly crysUlline nature, and on whether 
, the by-products formed during precipitation are present in such quantity and 
iconeentration as to prevent the proper settling of the colour. -v 

' ; Whilst dense or crystalline colours can usually be thoroughly washed k 
- a few hours, others that are more finely divided, and often specifically lighter, 
■will require many days, or even weeks, before they have been washed free 
. fraa) all the adherent salts tenaciously retained by the mass. 

. process cun be performed cither in the working tank or in 

a filter. The method selectcil depends entirely on the structure of the 
colours, although, generally S 2 )eaking, neither has any special auperiority 



“ W*. bthef. Aa a rule,'the precipitates, which from their nature are *! 
; difficult to wash present exactly the same difficulties in tlie filter as tlicy do 
in the tank. It may he assumed that, with few exceptions, colours that 
settle down quickly to the bottom of the tank will filter quickly, and allow ' 
the washing water, added gradually on the filter, to flow away rapidly. 


Fio. 0. 



Ay runuer. D, bflffle. Jl, setting bar, « 

£, lower utoiie. h\ di’iving shaft. V, aplndle piwklng. 

C, wood casing. 5, atijusting acrow. 


The settling of the prccipibited colour ensues the more ropidly in pro¬ 
portion as the washing process advances, because in propoi*tioii as more of 
soluble saline matter has been removed the lighter will he the specific 
gravity of the more dilute solution formed by the freslily added washing, 
water. The diminution in the saline content of tlie washings progresses very 
mpidly. Let us assume that in a tank filled to a depth of (i-tiiis. the mother 
^Uor^ntains 2^2 lbs. of dissolved twdt, and has been drawn off down to 
:]d ins. Leaving out of consideration the sjmee occupied by the precipitate > 
^^lour, the remainder of the mother liquor still contains about a fourth' 
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of the original saline content—i.c., S| Ihs. This remainder is diluted three- 
fold by filling tlie tank up again with pure water to the height of 64 ins. 
If now the washing water be again drawn off down to a heightof l6 ins., there 
remains one-fourth of lbs.—namely, 1*4 lbs. of dissolved salt. The second 
washing water will therefore contain this quantity of salt dissolved in the 
entire contents of the tank, and when drawn off in turn down to a height of 
l6 ins. there will only remain less than half a pound of the salt—a quantity 
of no practical importance in most cases. From a practical standpoint 
preference should, for many reasons, be given to wasliing the finished 
precipitate direct in the working tank rather than in the filter, more par¬ 
ticularly with regard to the desirable economy of space. In order to obtain 
a satisfactory result by washing in the filter, the thin paste of colours should 
])e divided among a greater number of filter bags, and this cannot always 
be done without rather large rooms. On the other hand, much waste may 
be caused by this subdivision of the precipitate, the more so because 
the restriction of space in the workrooms hinders the movements of the 
workmen. Much waste is also caused through material remaining in the 
filter when emptied. Moreover, tiie process of washing in filters shows up 
in a worse light when considered from the theoretical aspect of the washing 
process. In a theoretical sense this j>rocess goes on in such a manner that 
the saline by-products contained in the precipitated colour are absorbed by 
the repeated additions of water, so that the solution becomes more and more 
dilute, and the saline matters are gradually removed by the repeated with¬ 
drawal of the wasliings. Consequently the washing process will be finished 
when the quantity of salts })assing into the washing water has become so 
insignificant that their presence can no longer be revealed by the analytical 
means at present at our disposal. Of course, these salts are not only present 
in the supernatant water, but also in the precipitate itself, which is assumed 
to retain larger or smaller quantities of the dissolveil salts, according to its 
physical structure. As a matter of fact, experience shows that the quantities 
of salt retained by the separate j)ai ticlcs of the precipitate vary inversely with 
the crystalline character of the precipitate itself, and it may be assumed that 
the precipitate will correspondingly retain the enclosed salts more tenaciously 
during the washing process. On tlie other hand, the removal of these 
quantities of salt will be the more easily eflccted in pro|)ortion to the intimacy 
and frequency of the contact beUveen the individual and finest particles of 
the precipitate and the freshly added water. Tins can only be accoroplisjjed 
thoroughly by washing in the working tank itself, since here the thorough 
stirring of the whole mixture brings both liquid and j)recipitate into con¬ 
tinued contact with fresh quantities of the washing water, and the operation 
can be repeated ad infanUim. Such effectual stirring cannot, of course, take 
place in the filter, and therefore this method is placed at a decided dis¬ 
advantage. 

* It might, however, be pointed out that in the latter method the added 
quantities of fresh water, in passing through the filter, are compelled to 
traverse the whole mass of the pulpy colour, and should therefore come in 
contact with every particle of the precipitate too. This opinion, however, 
-is correct only in such cases wliere the nature of the precipitate allows the 
washing water to j)ercolate through without any special difficulty. In such 
event, as already mentioned, this method of wasliing is by no means inferior 
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to that in the precipitating tank. However, it easily happens with finely 
divided clayey or slimy precipitates, such as Paris blue, &c., that the meshes 
of the bolting cloth become clogged with the precipitate, and in conse¬ 
quence the action of the washing water is diminished. Even this is not 
always an essential preliminary, the collection of a thick coating on the filter 
being often sufficient to prevent the passage of the washing water, so that a 
proper washing is out of the question. This may occasionally be remedied 
by removing the mass from tlie bolting cloth, but usually the improvement 
is only of brief duration, the trouble in question soon reappearing. It is there¬ 
fore evident that slow filtering colours need special attention in washing on 
the filter, and as this is not always feasible, especially in small works where 
there is no night shift, a considerable loss of time is involved. 

None of these misfortunes need be feared when the washing is performed 
in the tanks direct, and although the washed colour only settles down very 
slowly the separation of the adiierent salts will at any rate be more complete. 
The consequences of omitted or insufficient washing mostly appear only 
after the colours have been dried, these latter becoming extremely hard. 
The residual salt cakes tiie particles of colour together, or when these are 
moulded into regular blocks dark-coloured, white, or metallic shining spots 
and stripes are formed, which can no longer be completely removed, except, 
perhaps, by scraping off, with a considerable loss of time, later on. With 
pulp colours, too, the consequences of faulty washing can be observed, espe¬ 
cially when tliey are exposed to the air for some time; they then get covered 
with a coating of fine crystals, which sometimes decompose through exposure 
to the air. 

Sometimes the effluent water still contains a sufficient quantity of dissolved 
salts to make their recovery or reraanufacture profitable. To allow such lyes to 
run to waste would therefore be uneconomical. The recovery can be effected 
by evaporating these solutions and separatuig the salts by crystallisation, or 
precipitating the base of the salt in a form suitable for direct application. 
For instance, a lye still containing large quantities of barium chloride may 
be precipitated with sulphuric acid for the recovery of bkiw fixe. By taking 
this into consideration in establishing a new works, one of the drying rooms 
can be fitted with a large flat evaporating pan, heated by steam pipes, taking 
up comjmratively little space. The cost of attendance will be small, the 
work being supplementary to other tasks, and the prime cost will soon be 
liquidated. 

Filtering and Pressing.—After it has been ascertained that all the 
salts adhering to the precipitates Tiave been eliminated by Washing as 
described above, the next step is to free the colours, as much as possible, 
from the final traces of contained water. Tliis can be done to a certain 
extent by the operation of filtering—namely, by passing the liquid contain¬ 
ing the pulpy colour through some porous material which allows the liquid, 
but not the solid matter, to pass through its pores. These porous materials 
are called filters, the effluent liquid is the filtrate, and the eomiract mass - 
remaining on the filter is the residue. 

In laboratory practice white, unsized, and therefore very porous 
paper is used for this purpose, and is known as "filtering paper.” For 
technical use, however, a firmer and stronger material must be used, pre¬ 
ferably consisting of a special closely woven three shaft linen, cotton, or ; 



lirooUeh fabric. ’ The desifetl fineness or closeness of the&e fabrics varfeV 
wHh the nature of the materials to be filtered, and therefore the same, 
■^ven material cannot be used for all colours. In filtering colours of very- 
fine grain it frequently happens tliat at first the colour passes through pores 
OT even the closest fabric, the filtrate not beginning to run off perfectly clear 
until the pores of the filter cloth have become so far obstructed as,to jire- 
clude any further percolation of the colour. On the other hand, ordinary 
linen cloth can be safely used for filtering certain colours, such as zinc yellow, 
Bremen blue, &c., and therefore economic reasons will dictate for such 
colours the use of cheaper fabrics than are required for colours of very fine 
grain (for instance, Paris blue, pale chrome, &c.). 


Fig. 10. 



The fabric is used in the form ot square cloths, as well as in the shape 
of pointed bags, according to the quantity of the substances to be filtered. 
The decisive factor in the choice of shape is in all cases the ease with which 
the filter residue, which alone has to be considered, can be recovered. For 
this reason preference must always I)e given to the square filtering cloth as 
compared with filter bags, because in the first place the pressing process, 
-which will be described later on, can be effected more quickly and con-: 
^enlently by means of the former. 

; .. In both cases the filter is fastened on to a framework of smoothly planed', 
, or rods of suitable hard wood. At the joints the rods are connected by 

-rneana of long nails, the |)oints of which latter should project through the \ 
wood for enough to afford a hold for the filtering cloth or pointed filter bags 
oa the four edges (Hg. 10) when the frame is inverted. 

■' Filters of this kind will only succeed with small quantities. At a big 
^colour works they are quite insufficient. Here, to filter large quantities o*f 
.<^ours, suitable filtering cloths of a square shape (fio to 80 ins. square) arc 
employed, and these are spread over large circular baskets so as to cover the' 
si^es .of the latter alt round symmetrically and turn over the outer edge 
about 4 ins. all round. The ends of the cloth must be tied together, two • 
oa -each side, directly below the handles (Fig. U). By this easy metbo^l 
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which, in spite of its sinipUcit}»,'does its work tboroughlyr 
The first striking advantage of tliis. an-angeinent is tliat the baskets can 
.be placed anywhere without difficulty. Another is that the colour patte 
reniaining on the filter can be taken away, together with the cloth, and put 
directly into the press. ' . 

On filtering certain substrata—alumina,forinstance—which are constantly ^ 
r^uired in large quantities and in the form of paste (about half water), it is 
advisable to use large flat wooden chests, with fluted sides and perforated 


Fig. 11. 



bottom. A large filter cloth is spread, and the precipitate to be filtered is 
Introduced. Sucli an arrangement gives the advantage of having ^e filter¬ 
ing apparatus combined directly with the storage tank, thus saving much 
time and material. ^ 

The different faults inherent in all filtering devices, to which we have 
already referred in coimectioii with tlie different metliods of washing, have 
SStarally led to improvements for more or less completely overcoming those 
.defects. First, an attempt has been made to accelerate the filtering pro- 
0 ^, which is very slow in tlie case of many colours, by means of compressed 
aspirators, &c. Only two, however, of the many more orless complicated 
.fWms of apparatus constructed for this piirjiosc have found general applica¬ 
tion in the colour industry, and even these arc not faultless. These two are 
Uio.jhlter ptiess and the centrifugal machine, or hydro-extractor. 
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The latter can only be used for homogeneous colours, but these it both, 
filters and washes perfectly. Diluted colours, however, settle down on the 
filter of the centrifugal machine in different strata according to the varying 
specific gravities of the component bodies—the heaviest first, then the medium 
weights, and finally the lightest For instance, when any kind of chrome 
green (made from barytes, chromes, and Paris blue) is treated on the centri¬ 
fugal machine, there will remain on the filter stripe, after the expulsion of 
the filtrate, a paste in three distinct layers, composed, first, of the barytes, 
as the specifically Iieaviest body; next, the lighter chromes; thirdly, the 
Paris blue, which, owing to its fine grain, retards the process of filtration, 
and therefore settles down last. Figs. 12 and 13 represent a centrifugal 
machine. 

Fia. 12. 



Though the filter press does not possess this fault, and has undeniable 
points of superiority, it cannot be used for filtering and pressing every kind 
of colour. In particular a great number of chromes suffer considerable change 
with regard to quality and shade after having been treated on this machine, 
inasmuch as they darken considerably, but unequally throughout the whole 
mass. For this reason these chrome greens assume an olive-green shade in 
the filter press, and similar drawbacks occur with many other colours. 

For colours, however, of a less delicate nature, such as Paris blue, hlancfixe^ 
chrome orange, and most of the aniline lakes, &c., the filter press offers great 
advantages, since it performs three operations at the same time—filtering, 
pressing, and washing. Through the employment of pressure all such colours 
as are generally very difficult to filter can be treated with ease, and in a 
relatively short time, with perfectly constructed filtering presses. 

Centrifugal machines for colour-manufacturing are made in two distinct 
patterns, the driven type (Fig. 12) having been found the best in practical 
use. The drum, perforated like a sieve on the side walls, is covered with a 
close filtering cloth right up to the top of the casting, especially when the 
macinne is used for large quantities of material; then the pulpy, more or 
less fiuid colour is fed into the machine, and the contained water is thoroughly 
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expelled by setting the machine to run at very high speed (1200-1500 re¬ 
volutions per minute). When the drained colour is to be washed in the 
machine the drum must be refilled with pure fresh water and kept in rota¬ 
tion until the final traces of washing water have been forced through the 
colour and the filter cloth. This operation can be repeated as desired. 

Fig. is. 



Where room is scarce the type of centrifugal machine illustrated in Fig. 13 
is suitable. This machine is designed specially for such a contingency^ and 
takes up very little room. 

The first firm to build centrifugal machines as a speciality was C. G. 
Hauboldy Jun., Chemnitz, whose machines have a high reputation. 

The principle of the filler press is to present large filtering surfaces to 
extremely thin layers of the mixture of finely divided solid bodies and 
liquids. This problem is solved completely by a systematic arrangement of 
narrow detachable chambers connected together by channels. The broad 
sides of these chambers are lined with filter cloth, which separates the 
mixture of pulpy colour and water (introduced through the channels under 
a high pressure) by retaining the colour paste in the chambers whilst allow¬ 
ing the water to escape through the pores of the filter cloth and drain away 
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through lateral channels. The j>ercehtage of. water in the paste dependfi 
on the aiDOunt of pressure applied; and can lie varied according to requite-^- 
ments. ^ 

In practice two chief systems of filter presses are used, viz.,/rfl7n€ prewc#; 
and chamheT pvesscs. In the former a number of small frames are held in ' 
position between solid jdates, wherein the press cakes will be formed, the 
latter being afterwaRls taken out along with the frame. In the chamber 
presses, however, the narrow chambers in which the colour paste collects 

Fig. 14. 



are formed by arranging a number of symmetrical plates, in the form oi 
shallow boxes, in pairs. On ojiening the press after the operation is finished 
the cakes of colour fall into a wooden box placed underneath. 

' Fig. 14 shows a frame press in the closed state, while B'ig. 15 represents 
one of the frames and Fig, IG the corresponding filter board. Fig. 17 is 
a cross'section showing tlie internal arrangement of the frame filter press 
when closed. To set the filter press to work, the filter frames, R, are 
inserted alternately with the filter plates, B, a strong filter cloth, 2’, hein|^ 
suspended in the frame of the press and forced against a strongly fixed., 
head-piece by the aid of a strong screw spindle or worm, whilst the joints 
•between the filter frames and idates are i)acked sufficiently by the filtpt 
cloth, 1\ By means of a pump provided on the head of the frameythfi' 
liquid to be filtered is introduced into the channel, C, C, formed by the 
several parts of the press, and passes tlirough openings provided in the,* 
frame (Fig. 15) into the intermediate space formed by the filter frame,. 
and the filter plate,/I. Here the separation of the solid body from 













liquid tilkes place. The iatter peneli^tes through the pores of the ' 
cloth; then along the ribs of tlie filter platCj B, and into the openings of the 
conduit, //, from whence it rcnches the outside through the l)i‘a.ss or w'o*(Mieii 
valve provided on tlie conduit. The solid colour, however, remains between 
the several filter cloths, and consequently forms a solid cake, which .is fifepfier 
in proportion as the working pressure is increased. When the press lit fu|J^ 
the closing screw is released, and the colour cakes may be taken out afqn^ 


Fig. 15. 



with the frame, and, after being cut out, can be removed for drying. The: 
press is then put together again in the same manner and recharged with 
fresh liquid. 

The frames and filter plates for this purpose are preferably made of 
strong wood, the frame being held together by iron rods (Fig. 15), To? 
prevent the wood warping or cracking it is advisable to keep the filter prM$ 
always shut when not in use. The filter cloths should, of course, always 
washed before being used. '. 

In large works vacuum filters are sometimes used. 

These filters consist of large square chests with double Imttoms. The 
upper bottom, of wood or metal, is perforated, thus forming a kind of sieve, 
Thi# is covered with the filter cloth, spread so as to lap over the edges of the. 
chest. Between the upper and lower bottom is left &n empty space of 
^edium dimensions, which can be hermetically shut from the outside air, 
and is connected with a suction air-pump. The colour paste is laid on the. 
filter cloth, and the surplus water is allowed to drain away. As soon as the 
ceases to run the air-pump is set going, and exhausts the air from the 
between the two bottoms. The suction also extends to the colqur-/ 
l^te, and draws out all the contained water; and finally, when all the water 

been removed, the air drawn in through the colour by the air-pump 
^erts a drying effect. Apimratus of this kind is used in colour manufactories 
to only a limited extent, despite its undeniable advantages for many kinds 
of colour. 

.. '.An innovation in filter ap|mrntus is afforded by the filter introduced 
,li^ William Schuler, of Isny (Wurttemberg). These are porous stones which. 

c. , 
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retain all soW matters, whilst allowing all liquids to^dral., through^^Tlm 

— in structure, and cap¬ 

able of resisting the 
action of strong and 
even concentrated 
and hot acids, and also 
alkalies of moderate 
strength. The prin¬ 
ciple of filtering 
through stones has 
been applied for puri¬ 
fying water, but the 
Schuler filtering 
stones are made in a 
different way from 
those, inasmuch as the 
whole mass is not of 
uniform porosity 
throughout, the sur¬ 
face being close in 
varying according .to 
the material to be filtered, whilst 
the lower strata are coarser. In 
this way the perfect retention of 
the filtered residue is ensured, 
together with an unrestricted 
outtiow of the filtrate. These 
stones are suitable for filter 
chests as well as for the porous 
bottom of the vacuum filter. In 
this form they have l)een much 
used in colour manufactories, and 
tlieir greater durability renders 
them more economical than filter 
cloths. 

The suitable pressing of Ike 
colour paste taken from the filter 
is by no means such an easy 
matter as one might think, and 
cannot be left to any o.rdinary 
workman without careful expert 
supervision. Apart from the fact 
that a well-pressed colour paste 
call be worked—i.c., comminuted 
—much easier and quicker, for 
the purpose of removal into the 
, drying-room, than imperfectly 

pressed paste, a thorough removal of the moisture below the press ta 
essential, since it naturally accelerates drying. Any unnecessary delay In 
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the drying process is very injurious to most colours. The reduction of the 
moisture content of the colour paste before it reaches the drying-room is 
therefore of great importance, and should be carried out as effectually as 
possible. Thye is only one way of doing this, namely, by properly treating 
the pulpy colours in a 
press, and this opera¬ 
tion must therefore re¬ 
ceive as careful atten¬ 
tion as any other in the 
preparation of coloqys. 

Another point is that 
, all colours cannot be 
pressed in the same 
manner or in the same 
time, many of them 
opposing considerable 
difficulties to this opera¬ 
tion. To this cl'ass be- 
longall those substances 
which (as in the filter¬ 
ing process) exhibit the 
troublesome peculiarity 
of obstinately retaining 
mechanically admixed 
moisture. It may be 
assumed, therefore, that 
such coloyrs as are in 
general difficult to filter 
will behave similarly in 
the press, this latter 
treatment being really 
nothing else than an 
accelerated process of 
filtering; consequently 
the same rules may be 
applieil in both. 

The selection of ap- 
pai^tus for pressing the 
colour paste is not a 
matter of indifference, 
although any type of 
press would give results 
of some kind. In this 
case, also, simplicity, 
ease in working, and economy of time are the decisive factors. As 
already mentioned, the filter press can only be used for a limited quan¬ 
tity of colours ; and, again, in spite of its indisputable efficiency, the very 
high price of this machine is a drawback for small works, at least when 
starting business. For the former reason, moreover, large colour worl« 

■ are forced to keep, in addition to the filter press, certain other appliances 
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capable of doing the same work, even though in a less perfect manner. Of 
the innumerable machines of this kind (especially hand-presses), there are two 
which have proved highly suitable ever since the beginning of the colour- 
manufacturing industry, owing to the very siin])le manner in which they are 
worked ; and these will now be described. 

Fig. 18 represents a hand-pre.ss of the simplest possible type. The chief 
parts are made entirely of iron, and, owing to the small s|)ace occupied, and 
the relatively small weight, this press can be used in any disjiosable place. 
The whole apparatus consists of four parts, viz., the square plate, A, provided 


no. 19. 



with four feet, a channel running all round, and a spout on one side! the • 
heavy round iron pillars, C, carrying the female screw or nut, the 
powerful screw spindle, E ; and the aforesaid female screw, 1), which is al^ 
made very strong. The head on the lower end of the screw spindle is bored, 
through in two directions, is provided with a terminal stud, and is ihguA.: 
much broader than the screw spindle itself. - ' 

The holes in the head serve the purpose of tightening the screw, spin^ 
by means of a fairly long round iron bar, which is inserted in the holes'atid. . 
enables any desired amount of pressure to be imparted to the spitidle. lil 
order to transmit this pressure to the colour paste in the press, the stuif^At^; 
the end of the spindle fits into a recess in an opposite plate, which is screSreH^, 
on to a suitably strong oaken Iroard, which can be removed at any timilv ■ i"; 

The colour paste is put into filter cloths or filter bags, and the “chpet^^ 
thus formed are piled up one above another, a board being inserted betltC^i 
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|»ir. When the press hns been Blled with about'five or six of these 
, |)re8a-CAkes, two strong blocks of wood are put lengthwise over the top board, 
:.and the recessed pUte is laid crosswise overall, as shown in the sketch. The 
screw spindle can now be tightened, slowly and carefully at first, then With- 
gradually increasing pressure, until finally no more liquid drains off. Through- 
. out the whole extremely simple operation the only care needed is to see that' 
•the press-cakes are placed exactly one over another, so as to distribute the 
pressure from t)ie screw spindle evenly on all sides. With a little practice thlSj 
can be attained without difficulty. In spite of its simplicity, ijiis screw-pr€M 
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ansvreft its purpose extremely well, and moreover can be recommended for 
small works, because it will press even very thin layers of colour, ^‘his cir- 
: CUmst^ince is of great importance, especially in view of the moulding of the. 
r^^sed colour, an operation which will be described later on. 

*For larger works the same press can be made as represented in Fig. Ifil, and 
will then deal with considerable quantities of colour. 'I'hc two screw spindles 
;:iM'6 'fixed into the strong wooden frame, KDE, by the cross-beams FF. The 
^flWossary pressure upon the packs of colour paste is applied by tightening 
the two nuts which are provided with strong, bent handles for this purpose, 
"vth^.packs of colour paste are placed in the spaces left between the screw 
ss^indles and the upright beam A, which is fixed tightly into the base D. A 
. I^e board B is lowered by removing the wedges C’6’, and powerful pressure. 

by tightening the nuts, this pressure being evenly distributed to 
the press by the board-At a certain height the beam .4 is 
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. provided with holes, to receive the wedges CC, which support the loose board 
B, that would otherwise be in the way while the press was being charged. 

Another press of the same type (Fig. 20) is equally capable of dealing 
with large quantities. With the exception of the screw spindle and nut all the 
part§ are made of oak, of a strength corresponding to the high pressure. As 
is shown in Fig. 20 the press consists chiefly of a frame made of strong 
beams. The method of joining the latter together is shown in Fig. 21, 
representing the front of the press, so that no further description is needed. 

The bottom beam A of the frame is made 
stronger than the sides B and C for two 
different reasons. In the first place, it has 
to act as the foot of the press, and, secondly, 
to support the box in which the colour paste 
is pressed. The strong cast-iron nut is counter¬ 
sunk in and fastened to the top beam and 
centres the screw spindle in a perfectly up¬ 
right position in the vacant space between 
the side beams. The press-box, E, is made 
of pine planks about 2-2i inches thick, 
strengthened with strong iron hoops, and 
provided with an outlet for the effluent water 
just above the bottom; it rests upon a very 
strong board, F. The latter is about four 
inches broader all round than the bottom of 
the box itself. It should be provided with 
a fairly deep gutter all round, so as to collect 
and guide the effluent water in a definite 
direction. 

The working of the press is very simple. 
The colour, having drained sufficiently, is 
taken out of the basket in the filtering-cloth 
and put into the press-box, so that each 
corner of the cloth fits exactly in a corner 
of the box. The cloth is then turned over 
inwards all the way round, the box being 
closed by a tight-fitting lid, the head plate is put on, and the screw spindle 
is tightened in the manner described above. « 

All the kinds of ])ress used in colour works, the hydraulic press included, 
are based on the same principle, except that the power is applied in a 
different way. With regard to the use of hy<!raulic presses for colour 
works, attention may be drawn at this point to the fact that satisfactory 
results can, as a rule, only he obtained with small or medium size presses. 



Moulding the Colours 

It has always been the custom in the manufacture of colours to place 
the finished articles on the market in special and more or less attractive 
form, usually with the object of doing a larger trade in new varieties. How 
far such a course was successful in former times need not be discussed here ^ 
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6t any rate the users of co1oui*s at the present day cannot be induced/ 
except in the rarest cases by the exterior form, to buy a colour from its 
appearance unless other proofs of its superiority are supplied. For thisveason 
less importance is now attached by makers to the moulding of the colours 
than was the case a decade back, and it is only in the case of such colours 


Fig. 22. 



(chiefly f^kes) as have l)ecome associated for years in the public mind with 
a certain special shape that are now usually sent out in that one particular 
form. 


As a rule, the artificial mineral colours are made in only three forms, and 
that too only in tlie case of certain kinds. These are the better grades of 
chrome and white lead which are put on the market in the form of regular 
square, flat, or round cakes, or as large or small cones or drops. In addition 
to these chromes, the various kinds of Paris blue are frequently put on the 
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market in the form of long narrow slabs, those of Bremen blue in the form 
of large rectangular lamps, chiefly because of the great difficulty in powder¬ 
ing this colour without serious loss of expensive material, and also in order 
to demonstrate the low .specific gravity of the Bremen blue in a specially 
striking manner by the large size of the lumps. 1’he satin greens too (ft 
better quality of chrome green) are generally brought on the market in the 
shape of cones, in order to show up their superior quality in point of in¬ 
creased fineness and covering power in comparison with the ordinary chrome 
greens. This exhausts the series of specially shaped artificial mineral 
colours, and there are now only a number of I/ukes as certain finer kinds of 
earthy colours, which are met with in other than the above-mentioned forms 
or in the shape of rods or coiTugated lumps, stars, triangles, Ac. To obviate 
/ the necessity for repetition later on in the book the process of moulding the 
last mentioned shapes will now be described. Square or rectangular lumps 
of colours can be made in different ways and without much loss of time, 
The pressed cakes coming from the filters or screw-press can be cut with 
suitable knives (Fig. 22) of wood or copper into symmetrical lumps, and dried 









iiii- tliis form. The colour paste, when not too stiff, can also bespveatl upon - 
frames made specially for this purpose, divided into a large number of equal 
cbihpartinents (Fig. 23). The lumps are then dried. 

The latter method of course gives very symtnetrical pieces, but entails, 
higher cost in making the frames, which is by no means unimportant. The 
colour in the compartments shrinks tlnough the evaporation of the water, so 
that loose, half dried lumps are obtained, an<l these have to be turned over 
by placing the frames upside down on ordinary drying-boards, to facilitate 
; drying. I'liey are left in the drying room until the last trace of moisture 
has esc.ij)ed. Then the perfectly dry lumps are scraped over with a knife 
on all sides, carefully, to brighten their appear¬ 
ance, and rubbed on coarse canvas which has 
been stretched tightly on the plate of the 
working table and fastened with nails. 

Itound lumps are obtained by cutting out 
with a tapered copper ring, fitted with a suit¬ 
able hamlle (Fig. 24). 

In this operation the press-cakes,especially 
if they have been produced in a screw-press, 
mist first he suitably levelled and must not 
be thicker than the height of the cutting 
ring. 

For making cones or drops the best appara¬ 
tus to use are shown in Figs 25 and 26 . The 
first is a strong c()))per or brass plate hopper 
of medium size with a flat bottom, and fixed 
into a wood frame jirovidcd with a Inmdle 
made out of one fiiece. This frame, of very 
strong wood, white beech for instance, carries, 
at the jilace where the handle commences, a 
peg about an inch long, made of the same 
wood, the purpose of wliich will be explained 
later on. 1 he bottom of the hopper lias a number of small circular holes, 

In which are soldered little pijies about lialf an inch Jong, about as thick as 
ft pencil. 

In working witli this ajumratus, first ()f all the colour paste must, to 
obtain the projier consistence, be rubbed through a fine brass .sieve by aid of 
a wood sjMitula, and with this jiastc the hopper is filled. 'J’he shock pro¬ 
duced by striking the said peg on a solid supjiort presses the colour paste 
through tlie narrow pipes and it falls down, in the shape of drojKs, on to a piece, 
u J>apcr placed underneath. As soon as tlie paper is covered with 

the cones, the whole is transferred to a drying-lward ami taken to the drying- 
. 1 ^ experience the eon.slslence of the colour paste necessary 

to furnish a good result will scmih he ascertained. 

The second apparatus, as shown in Figs. 2f), 27, and 28, is usually con¬ 
structed on the same principle. Instead of tlie liojiper it has a large chest,. 
die Mtom of which is made of a strong brass plate, provided with a great 
luniber.of tapered holes. v. 

This chest is Imng, hy mesns of two solid nrnis, on ii sliong shnft B,"' 
(finch works loosely in the hearings C and O. 'I'hc support of tire hear% ;; 




"’'C Is.Connecteil by a rod with the support £, which is placed a little lower 
V.down, and carries a crank. Between the support C and the nearest arm is 
■placed a very strong second rod, tightly connected with the shaft B, and 
' therefore obiigeci to follow the slightest movement of the shaft. Close 
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behind the support E the crank shaft carries a sinaii shouldered cam G, On 
which the free end of the rod II rests loosely, as also the chest A, mov¬ 
able at a and On turning the crank F the cam raises the rod H and 
also the chest A, the latter falling back in its former position as soon as the 
rod (H) has passed tlie shoulder of the cam. 
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•. tiince at this moment the free end of the rod II strikes a powerful blow.. 
. upon the head of the support the chest A vilwates in the same manner 
■ as ..the hopper in Tig. *2(i when the peg was struck. The same result is 
. ^therefore produced, namely the colour paste is forced down through the 
holes in the bottom of the ciiest, and falls down in the shape of small cones 
't to a-piece of paper or a thin board underneath. 

r. v-This ajrparatus gives a much larger output than the other. It must, 
.Ihowever, be borne in mind in working it that the diameter of the cone and - 
^^'.tJierefore the resulting blow must vary inversely with tiie specific gravity of " 
under treatment. A simpler construction of the coning apparatus .1 
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U' to hang the chest with the perforated bottom, not in the crank frapie 
alrcaUy described, but on cords or Jeiigtbs of gut fastened at the four 
corners, and all of them running over a roller fixed on the ceiling or on a 
: wall bracket. The chest, filled with colour paste, rests on strong feet about 
an,inch high. It must be raised about iO inches and let fall on to a paper 
on the working table. Where shafting is available tbe up and down motion 
of the chest can be effected by an eccentric or by cams like those used in 
stamp mills. This simplified coning-raachine may be made of larger dimen¬ 
sions, so that a thousand or more cones can be made. Uotb the chest and 


Fin. 27. 



the table underneath must of course be made particularly solid. The former 
should be of brass, the latter preferably of solid brickwork, covered with a 
metal plate. 

Similar apparatus is used in making rods or corrugated lumps of Lake 
colours especially used for lithographic printing. Instead of a blow a 
pro^rtional pressure should be applied on the prepared colour paste, which 
is thus forced through the circular or zigzag holes in the bottom, and 
thereby acquires the desired shape. Fig. aa represents such an apparatus, 
the construction of which will be intelligible from the foregoing description. 
In small works, s(|uirts, similar to cake syringes, are used. 

All colours put on the market as irregular lumps or fragments, or in 
the torm of a more or less fine powder, must, after being thoroughly well 
pressed, be cut by tlie aid of suitable knives or wood spatulas into small 
pieces, which are placed in this form on the drying boards and dried in a 
urying-room or, if the season allows, in the open air. Corrugated fiat plates 
are mostly made in the filter press, the fiuted walls of which press the ribs 
into the colour cakes. 


Drying the Colours 

Of no less importance than the chemical composition of the artificial 
mineral colours is the methoil of drying employed, most colours, as already 
mentioned, being liable to a variety of changes even in the course of the 
eXuf ^ changes may go so far as to entirely spoil the dry 
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Generally speaking, there are two chief methods of drying, viz., drying- 
in the open air, and drying in closed rooms bi’ought to the required tera^- 
perature by artificial heat. 

Of course, the first-mentioned process can only be ajiplied in countries 
iiaving a suitable climate, and where, as a rule, the summer is long 
and hot—for instance, in the South. In fact, tliis source of heat is very 
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largely utilised in such climate.s. In all northern countries, however, the 
artificial heating of the drying-rooms must be resorted to, though sometimes 
the two methods can be combined—for instance, by manufacturing a large 
quantity of the most saleable colours in the summer-time, and drying them 
in the open air, the rest being dried in winter-time in heated drying- 
rooms. Colours that are sensitive to light cannot, of course, be dried in 
the sun. 

In both cases, whether natural or artificial heating be employed, the 
safne form of drying-boards or frames is used, the drying-racks on which 
the boards are supported being also the same. The frames are simple 
boards about 40 inches long, planed on both sides and heUI together by two 
cross battens. They are provided on three sides with fillets about 1 inch 
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filgh (Pip;. Si)), Open frames of the same length, and about 20 inches wide, 
epvered with cloth (Fig. .SI), are also used. 

■ ■' ' For many reasons the first style of frame behaves better in practice than 
. clpth-eovcred frames. First, they can be more easily washed, and therefore 
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the same boards can be used for ditl'erent colours of similar shades; secondly, 
fhey are more durable, and can be rejmired, if necessary, much easier than 
we open frames. ^ rue, the ponms material, by allowing unrestricted circu- 
" **^^*^*^^*^^’^ ** (juit^k drying of the colours better than the* 

Solid boards. Hut this, as experience shows, is only correct for a very limited 
Slumber of colours, and, ns a rule, this advantage does not compensate for. 
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the dlsadvantsges of the open frame, Dryiiig-lwards of perforated aheifif-'^' 
tnetalj or frames of wire-netting, are also suitable, and though they Have 
be a little smaller in dimensions, are handier, and have proved very 
factory. To prevent rusting, the plates, frames, and fabric are tinned. 
over. Upon these the colour-frames are laid on strong absorbent papfei^V 
which can be kept for use over again for colours of the same shade. 




netting and perforated plates .admit warmtli and circulating air, and the; 
absorbent paper, l)esides drying quickly, also takes up a certain amount of-’ 
water from tlie drying material. 

The racks supporting the frames and drving-board.s arc made of Wqbd ' 
throughout. They must he very strong, since tliey generally liave to carry » 
very large number of drying-hoards. The arrangement of these racks> for' 
use in. the open air as well as in drying-rooms, is shown in Fig. 32 , so that it 



need not he further described. For use in the open air the rack must, crt*' 
course, be provided with a suitably constructed protecting roof. 

• The heating of the drying-rooms or drying-stoves can be effected in two 
ways, either by direct fire (hot air) or by steam. In both cases it is ^;, 
essential condition that the rooms should liave strong and air-tight walls to ' 
prevent the escape of warm air. 'l lie most im|iortant point, however, to be 
considered in the arrangement of a “drying-stove " is efficient ventilation to- 
enable sufficient quantity of fresh air to’ he supplied to the room at all times , 
and to remove the moisture-lailen air quickly. * 

The methods employed in practice vary so considerably that it isti 
impossible to discuss each of them here, and we will tliercfore confine oor^l 
selves to two systeims, both of which arc distinguished by great simplicitwi; 
and efficiency. 

.- In choosing between these two systems of heatings large number 
for the most part, very important circumstances have to he consider^it 
First of all, the peculiaiities of the individual colours must be considerff^l 
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these do not always dry equally well with both systems—as can be 
i.bserved in a marked degree with chromes and chrome-greens, for example. 
Whilst these can be dried by hot air without suffering any change in their 
properties, they wili rarely do so satisfactorily under the same conditions 
in diying-rooms heated by steam. This fact can also be observed in 
ihe'case of many other colours, but has never yet been satisfactorily 
sxplained. 

The choice of the method of heating wiii also be influenced, of course, 
jy the cost of fuel and the rate of wages. Heating by direct fire, of cqgrse, 
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requires more attention than steam heating, since the latter can l)e regulated, 
without particular trouble, by any workman. Generally it may be said that 
direct fire heating, if properly looked after, is cheaper than by steam 
heating, the drying process being usuaily much quicker. This circumstance, 
in conjunction with the smalier risk of injury to the shade of the colourt, 
should be sufficient to give this system of heating the preference. That 
this is not always done is mainly due to the risk of superheating and the 
danger of fire, which are entirely precluded in heating by steam. On the 
other hand, this latter system has the disadvantage that leaky pipes, valves, 
connections, &c, which can never be completely avoided, introduce mois¬ 
ture unnecessarily into the drying-room, which retards drying, the more so 
because the leaks are generally neglected until the escaping steam begins 
to be audible. 

It is thus evident that both systems of heating have their advantages and 
defects, and the only question is how the latter may best be avoided according 
to the locality and circumstances of the establishment. General experience 
Js the only reliable guide, and this, for reasons aforesaid, is chiefly in favour 
of heating with direct fire, if circumstances permit. Should, for any reason, 
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this system be impracticable, then steam heatinir may be adopted as thft 
alternative. 

Fig. 33 represents a very simple heating arrangement with direct 6re 
that is very convenient for the purpose in view. It is designed to serve for 
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two drymproSms. The rooms marked in the sketch by 11 and If, represent 
the two drying-rooms, situated directly above the cellars, K and K'. One 
contains the coke furnace, 0, surrounded by an iron 
f sheet iron, and is lined with 

fire bricks. The opening, E, which can be closed by a sheet iron cap when 
required, serves for charring the furnace with fuel. The smoke and gL from 
the fire-escape will be led into the flue, F, through the opening opposite. 















;^h €0 the furnace is started, the air iiisitle the casing, G.^ws hot arid riitel 
"thfOogh the pipes. CC, in roof, D, of the casing, O’, into the dryings 
rooms, It and it'. This goes on uninterruptedly, since the air in the casing 
is continually renewed. The air pij)e.s, CC', also of strong sheet iron, are 
topped by adjustable cowls, Jili', by turning which the admission of hot 
air into the drying-rooms can be regulated as required. 

The necessary ventilation of the drying-rooms is most suitably effected 
at the michlle of the ceiling, as shown in Fig. .'i.'h The spent, moisture-laden 
air is drawn off through iron or wooden pipes, provided at the lower end with 
suitable and easily adjustable dampers. If looked after wil!» anything like 
care, the above described dryiiig-ap|)aratus 
will act perfectly, more especially for drying 
chromes, chrome greens, Bremen blue, &c. 

When high-pressure steam is used as a 
source of heat for “ drying-stove.s,” it must be 
con(lucte<l thrcuigl) a system of pipes, placed 
about ^0 inches above the floor of the room 
containing the drying-racks. These pipes are 
provided with a number of gills so as to furnish 
a large surface and tlms secure better radiation 
of tlie lieat, as sliown in the sketch (Fig. 34). 
'J’he radiators are supplied by the makei-s in 
various shapes and .sizes, suitable for every 
room, so that the fitting up of such a drying- 
room can be done l)y any skilled mechanic. To 
give some idea of the arrangement, a plan of 
such a “ drying-stovc,” with steam radiators, is 
shown in Fig. .33. 

■ In this plan, lUfli signify the radiators, 
which in this case are straight, aiul are con¬ 
nected together partly by the steam pipe, DD, 
partly direct by bolting together their own 
flange connections. Tlie steam (preferably direct) for lieating the room 
enters at A, and can be conducted to either side by the valves F md W 
M desired. In lioth cases the steam escapes from the room at H,mto a 
condenser, unless required for heating anotlier room. 

To secure an easy outflow for the water of condensation, it is advis^le to 
give the whole series of radiatoi’s a gentle slope from A down to steam out¬ 
let at B, the radiators at A being higliest and timse at B lowest. 

Of course all connections traversed by tlie steam must be most carefully 
packed with solid and durable packing, so as to prevent any escape of steafn' 
into the drying-room, since this escape of steam would be very inconvenient 
in the case of certain colours, to say nothing of the delay it would cause to, 
the drying process itself. 'J'he other arrangements necessary for an efficient' 
drying-stove, such as ventilation, air, light, walls, &c., arc identical with' 
those in hot-air drying, as already described. 

Ejicient vaitUation is the most imjKirtaut factor in all ^'drying-stoveS.’V 
Given proper ventilation, every kind of dump material can be dried, iM* at 
least made air-dry, in a room that is only slightly heated, if at all, but if that: 
condition be unfulfilled, drying cannot be carried out properly even ih sup^ 
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heated rooms. If the natural flow of air does not (five sufficient ventilation^ 
it must be supplemented by artifieiuj means, such as exhausts, which draw the 
air out of the drying-room, or compressors, which force air into it. 



latterly more complicated arrangements have been used to accelerate 
the process of drying. For instance, drying-kilns have been made in the 
form .of a table of cast-iron plates. Steam-pipe.s, cast in the plates, are 
connected together, and traversed by steam from a boiler. These pipes heat 
the.drying-plates, uimn which the material to be dried is spread, and also 





' M ■ cbLdfea 

heat the fresh air entering from below^ Above the kiln is mounted a ch^t 
fitted with upcast flues. Several small kilns, arranged in a chest or barrel 
casing, form a drying-cupboard, which can be provided with circulating air 
and with devices for attenuating the intenul air; in this latter case we have 
k vacuum drying-cupboard. The maintenance of a certain regular tempera¬ 
ture, and the regulation of the flow of air, made possible by these devices, 
are very important in the case of valuable products. 

Mention should also be made of revolving drying-cylinders, in which the 
material to be dried is moved forward by an endless screw. By properly 
adjusting the apparatus, the material entering in a moist state at one end 
will be discharged dry at the other end. 

In large works drying-flues are sometimes employed with success. These 
flues resemble large tunnels, and are fitted with rail tracks for trucks carry¬ 
ing the laden drying-frames. A number of these small trucks are run into 
the tunnel and moved-slowly onward. From the opposite end of the tunnel 
—the point where the trucks issue from it—heated air is introduced and 
circulates round the trucks, thereby gradually extracting the moisture from 
the material to be dried. As the trucks reach the hotter parts of the tunnel 
their contents are subjected to progressively higher temperatures, and finally 
the moisture is so completely extracted by the hot, dry air that the product 
arrives at the outlet as a perfectly dry powder. In large works the drying 
process can be effected in this way very quickly, and far more conveniently, 
than in a stove, whilst the higher first cost will be more than recouped by 
the saving in time and the simplification of the work. Of course it is essential 
•that the output of the works should be large enough to keep the flue in con¬ 
stant work all day, and that the colours sliould stand quick drying without 
loss of brilliancy. 


Grinding the Dried Colours 

The dr}’ colours are now sold in the form of a fine powder, this 
being the best for most purposes, and since the fineness of the powder 
depends on tlie method of applying the colours, the conversion into this 
form is a very important part of the manufacturing process. The solution 
of this problem is by no means simple, and the difficulties are increased 
by the fact that many industries using colours require—in order to turn out 
products capable of meeting competition—the jwwdered colours witji the 
highest degree of fineness attainable, whilst, on the other hand, many colours, 
on account of their physical or chemical peculiarities, are very difficult to 
grind down to an imjmipable powder. It would be erroneous to suppose that 
one and . the same crushing machine would produce equally perfect results 
with all colours. While some colours are much too greasy or argillaceous, to'^ 
grind or sift with the ordinary crushing-machines, others, again,lose muchof- 
their brilliant appearance in the operation, and become dull and poor. In 
' shade. Others are so hard as to injuriously affect the grinding-machines, and 
. suffer damage themselves from the heat generated by the friction, Hence^ 
several important factors have to be considered in the grinding of colouin, a 
fact that is most in evidence when the colours are being made to match a 
sample. In fact, the selection of a grinding-machine out of the large numl^' 
of types now available not only requires a proper knowledge and 



jidgiitient of. colours and their manifold qualities, biit also a very extensivd'f 
experience with regard to the efficiency and action of the innumerable 
machines recommended by the various makers. Grinding-machines for dry 
colours may be divided into four groups, viz.: 

' I. Preparatory machines for roughly crushing the colours (edge-runners, 
stamps, cone-mills, &c.) 

II. Machines for grinding the crushed material to fine powder (grindhig*, 
mills). 

III. Sifting-machines (screens, jiggers, &c.). 
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IV. Machines combining two or more of these operations (ball-mills or 
edge-jruniiers, fitted with screens). 

Most of these machines can also be used for more or less perfectly mixing 
two or more colours, whether the latter be already in the form of powder or 
in Urger fragments. This oft-repeated and therefore very important opera¬ 
tion will be described later on, it being first of all necessary to obtain a know¬ 
ledge of the construction and practical use of the machines themselves. 


Crushing-Machines 

I. Edge‘runner$ 

, It is impossible to mention all the different constructions of thes 
highly productive machines, and therefore only two varieties will now 
fUJy described. In order to give a sufficient insight into their methods of, 
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wbrking. Tlie principle of these mills is tijat of a pair of circular stone$ 
or runners, set edgeways, and running in a circular dished trough in which 
the material to be ground is placed. In some forms the trough is made tO 
revolve, while the runners are made to turn on fixed centres or axes by the 
rolling friction of tlieir edges on the bed of the trough, whilst in otljer 
forms the bed is fixed and the runners rotate on a movable central shaft. 
The stones are either of solid cast iron, or with jointed grinding rings of 
cast steel or chilled cast steel, ordinary millstones being also used. 

'I’he bed plates are made 
of cast iron, steel, or chilled 
castings, or of granite, ac¬ 
cording to the material of 
the runners. 

For colour-makers* use 
edge-runners made of stone 
are decidedly preferable to 
those made of any otlier 
material. In this type the 
lower millstone, forming 
the plate, is provided with 
a fairly Jjigh collar of iron, 
so as to enable as large a 
quantity as j)ossible of ma¬ 
terial to be treated at a 
time. An opening, closed 
witli a slide, is left in this 
eol lar, and communicates 
with a spout through which 
the colour, when sufficiently 
ground, is discharged by 
a scraper into a vessel un¬ 
derneath. The vertical 
driving-shaft of the mill is connected with two strong square iron bars 
between tlie runners, forming the axes of the runners, and mounted about 
twelve indies above the bottom stone. Tlie cross-bars carry scrapers pro¬ 
vided with a vertical and horizontal movement and travelling quite close 
to the bottom stone. 'Fhese scrapers loosen the crushed and compressed 
colour, and return the same into the path of the runners (Fig. fl7). 

In practice a distinction is made between edge-runners with top and 
bottom drive. 'I'he first type is preferred for many reasons. The short 
vertical main shaft enables a hood to be fixed on tlie collar in such a manner 
as to cover the whole apiiaratus, thus jireventing the operators from being 
inconvenienced by dust. Furthermore, in bottom driving the pulleys, cog¬ 
wheels, and the connecting horizontal shaft are more firmly mounted in a 
secure foundation, an arrangement ensuring quiet running, and therefore 
a considerable reduction of wear and tear. 

In top driving (Fig. 38), the pulley and countershaft must be fixed either 
on the ceiling of the room by means of hanging bearings, or must be mounted 
upon two strong supports (Fig. 38). The firet arrangement is too unstable, 
owing to the weight of the whole apparatus, whilst the alternative method 
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unduly restricts tlie space essential for security and comfMrt. These two 
reasons should in themselves be sufficient to give the preference to edge- 
runners driven from below, 

Edge runners with rotating plates have recently been constructed, but 
have not fulfilled expectation as regards the increased outj)ut obtainable by 
their use. Apart from the more complicated mechanism, these mills do not 
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show any superiority—at least for colour-making—over the ordinary edge- 
runners, and there is, therefore, no reason to employ such complicated 
machines when tlie same work can be performed by machines of simpler 
type. 


II. Centrifugal Milk* or Disintegrators 

These consist of two or more concentrically mounted plates or drums 
(cages) of wrought iron, carrying on their periphery a number of steel rods 
or pins, and revolving at high speed in opposite directions. This motion is 
produced by two separate strong sliafts carrying the drums and provided 
with ring lubricators. Since the rows of j>ins on the one drum cross between 
those of the other, the materials fed in from the centre are flung with great 
violence by the centrifugal force from one row to the next in opposite direc¬ 
tions, and crushed. A readily detachable casing of sheet metal collects the 
materials that are expelled in the form of powder, and delivers them into a 
receptacle (Fig. 39). 

In larger disintegrators the cages can be taken apart for repairing or 
cleaning (Fig. 40). 'I'he.materials will be shovelled into the hopper of the 
machine in lumps or nuts not more than 1^ inches in diameter. Disin¬ 
tegrators have a high productive capacity, at least so far as quantity is 
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concerned, and arc also capable of reducing clayey materials to fine powder' 
in a short time. 
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III. Cone- or Bell-Mills (Fig. 41) 


Whilst the edge-runner machines and disintegrators are always used when, 
•dealing with large quaiititic-s, tlie cone- or bell-mills are only employed when 
small quantities of materials have to be reduced to powder. 

These mills consist principally of a revolving cone and a fixed grinding' 
ring. The two cones arc of (liiferent pitch, so that an annular space tapering 
.downward is left between them. The grintling-cone and ring, or casing, are 
fluted, the flutings being coarser at the top and finer below, where tlie actual - 
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gtinding takes piace. 'I'lie lower [Wts of the cone and ring are made of very 
hard castings, and being exposed to the greatest wear, are made easily 
exchangeable. The grindiiig-conc can be set to prorluce the desired fineness 
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by means of a screw and without stopping the machine. The ground 
material falls into a gutter, from whence it is carried round to the discharge 
opening by scrapers, and is thrown out through the spout. These mills may ; 
be, worked by hand or power, and are made of very high quality by thq 
Badische Engine Works at Durlach as a speciality. 


IV. Screm Mills (Fig. 42) 

These belong to the class of roller mills, and are suitable for crushing 
both soft and hard materials. They consist of a strong rasing lined with 
removable chilled cast plates. Connected with the casing is a grating of 
steel bars, which can be adjusted relatively at pleasure l)y lever and setting 
screws. Above this grating is a chilled roller provided with worm gear 
grooved and run at high s|)eed, so that the materials to be crushed are flung 
against the grating and broken. The pulverised materials fall through 
Iwtween the bars into a vessel placed underneath. 
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The main shaft of the grating is provided with a fixed and loose pulley, 
and can be driven direct from shafting. The whole apparatus takes very 
little room and requires but little power, whilst for certain colours its 
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capacity is very high. Nevertheless, the resulting powder is by no means 
very fine, but needs further crushing in other machines. 

We may now pass to the discussion of m.arhiiics that furnish the be.sl 
results in grinding colours to very fine powder, taking first, as being in the 
front rank, the mills in which the grinding is effected between two circular 
stones, one of which has a rotary motion. 


Pine Griuding-Maehinos 
I. Ilorizonlid Slones (Fig. .Fi) ^ 

An ordinary machine of this class comprises two .stones—a fixed nether 
stone A and a votary upper or grinding stone B. lly means of a crosshead 
C the upper stone is supported by a vertical shaft or spindle 7). This shaft 
passes through an opening or eye in the lower stone, and transmits motion 
to the grinding-stone. The spindle is packed by a box K. The material 
to be ground is fed from the hopper F through a central feed opening in 
the upper stone, and falls on to the lower stone, whence it jrasses in between 
the grinding surfaces and is grounil. On reaching the outer edge of the 
stones it escapes as a fine powder into the casing G surrounding the stones, 
and is discharged through a shoot into a vessel below. 'I’he hopper F 
rests in a movable guide frame 77. Underneath the mill hopper is a jigger 
J hung on .four leather thongs i i, and shaken to and fro, to regulate the 
feed from the hopper, by means of a pin which is struck by projections in 
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the feed opening of the upper stone. By raising or lowering the jigger the 
rate of speed can be accurately regulated by the thongs i i. 

This, the oldest type of mill, is only referred to here in order to acquaint 
the beginner with the chief parts of these mills. In modern mill practice 
this type has been improved m)on in a maimer that leaves nothing to be 
desired as far as output is concerned. In particular, the use of iron as 
the structural material for 

these mills facilitates in- Fig. 4.1. 

creased accuracy in setting, 
renders the parts easier of 
access, and lightens super¬ 
vision. Fig. 44 shows such 
a mill of the latest pattern. 

The runner /i rests by 
means of the crosspiece U 
on the spindle M, which is 
guided by the stone box 
of the lower stone A, the 
collar bearing C, and tlie 
footstep bearing F. 'I’his 
ehsures the steady and safe 
running of the spindle, and 
consequently of the runner 
too. The footstep bearing 
rests on the screw G, tlie 
nut of which is formed by 
the hub of the pinion H, so 
that a slight turn of the 
latter enables the stone to 
be adjusted to a nicety. 

To enable this adjust¬ 
ment to be controlled from 
the casing / as w’ell as 
from- the base of the 
apparatus, the shaft W 
carries, on its end nearest 
the •spindle, an endless 
worm, engaging witli the 
teeth of the wheel U, so 
that every movement produced by turning the hand-wheel h is transmitted 
to the spindle. The same movement, however, can be produced by means 
of two cone-wlmcis K and A", the first being fixed on the shaft W, the other on 
the end of the vertical shaft P’. By means of tins train of bevel gear the motion 
imparted to the shaft W at h is transmitted to the spindle mid grind¬ 
stone £. The crosspiece // is fitted at the top with a fiat circular disc 
which in rotating distributes the material to he ground. The latter is fed 
througii a regulating slide from the hopper /), and, under the influence of 
eentrihigal force, is distributed evenly to the grinding surfaces of the stones. 
The lower stone is mounted, perfectly level and accurately centred, on three, 
vertical screws r r traversing a strong iron plate, M'hilst on the other hand it 
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is accurately centred by three horizontal screws 5 S, which pass through the* 
turned-up edge of the flat circular iron plate. 

The stones are driven either from a horizontal pulley keyed on to the 
spindle directly, or from a horizontal shaft and bevel wheels, the latter 
^ arrangement being preferable. 


Xi'IG. 44. 

jr. 



Having now more closely considered the principle of the mill, we can 
proceed to deal with the two chief varieties of this crushing-machine. 

The mills with horizontal stones are divided into two classes, as 
follows: 

a. With fixed, but vertically adjustable, top stone and a revolving lower 
stone (Fig. l-S). 

i. With fixed, but vertically adjustable, lower stone, the revolving top 
stone being loosely mounted on the spindle. In another variety, now out of 
use, the under millstone was not adjustable, the grinding being regulated by 
raising and lowering the rotating upper stone. 

The mills with movable lower stones are a modern, improvement, and 
possess several important advantages over the second class. In the first.: 
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()lBce^ the grinding pressure can be increased as desired. Furthermore, the 
material delivered by the hopper is fed directly on to the rotating lower 
stone, wiiich distributes it and causes it to {)a8S more rapidly between the 
stones than is the case with a rotary upj)er stone. Hence, whilst grinding 
the material equally line, an increased quantity can be dealt with in the 
same space of time. 

Both classes of mills are now supplied in a finished condition by the 
manufacturers, and are strongly built of iron except for the stones. In the 
mills supplied by the Badische 
Maschinenfabrik of Durlach the 
large circular bed-plate is firmly 
fixed to a brick foundation so as 
to prevent any vibration. The 
body is centred exactly on the 
hollow cast bed-frame by means 
of turned flanges, and the 'box 
of the collar bearing is bolted 
centrally in the bottom of this 
body in a similar manner. Tlie 
collar bearing is in three parts, 
and the metal bushes are 
tightened centrally on tlie mill 
spindle, thus preventing tlie 
latter from shifting. In the 
same manner the box of the step- 
bearing for the spindle is fixed 
in the bottom of the hollow bed- 
frame, the casing of this bearing 
being centred and kept upriglit 
by means of a worm and pinion. 

By.this means the spindle is pre¬ 
vented from jamming in its bear¬ 
ings when the mill is adjusted, 
and consequently tlie stones can 
be set extremely close without 
touching each other, thus pre- 
yen^ng sparks. The bearing is lubricated at easily accessible places b) 
paeans of solid grease, which keejis out dust and dirt. The conical oi 
spur pinion is connected with the spindle by means of a clutch coupling 
which can be easily loosened wlien the wheel requires shifting. The cross- 
head at the top of the spindle is cemented to the lower stone and fitted ver) 
carefullyand is also screwed to the shaft of the lioppcr. At the circum¬ 
ference this crosshead carries scrajiers for delivering the ground material to 
the spout of the mill. 

The edges of the body and hood, in which the upper stone is firmly but 
adjustably siisjiendcd, are turned to fit dust-tight, and arc held togetlier by 
bolts provided with flatcoilod springs between the flange and the nut. These 
coiled springs give way when any hard foreign substance gets between 
the stones, and prevent the breakage that would otherwise result in conse¬ 
quence of the fixed relative position of the stones. A uniform feed is ensured 
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by an adjustably ceiilrifugal or jigging liopper, the former being regulated 
by a hand-wheel (Fig. 46). 

In top runner mills the construction of the several parts is the same 
Kio. 16. 
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as described above, except tliat llic grinding pressure is produced by 
the weight of the rotating upj)er stone, whilst the adjustment is effected 
by means of the lower stone. 


II. Ed'cckio)' Mills (Figs. 47--49) 

About thirty years ago there was introduced under this name a class of 
crushing-machine which has become widely appreciated on account of its 
suitability for a variety of purposes. Though simple in princi|)le and having 
relatively small grinding surbrces, these mills have a liigh capacity in the 
case of a large number of colours, and since they take up little room, the 
reason for their poj)ularity with colour-makers is evident. 'I'he working 
parts of the B’xcelsior mills consist of two rings (or discs}, one fixed, the 
other rotating at a high speed, and both provided with a peculiar arrange¬ 
ment of teeth. The concentric rows of teetli of the one ring run between 
those of the other, and the material to be ground is fed into the middle 
by a vibrating hopper. The grinding discs are generally toothed on both 
sides, so that wlieii one side is worn the disc can be reversed on the 
shaft. 

Since the front edges of the teeth wear out first, the other side of the 
teeth can be utilised by reversing the direction of rotation by means of a 
crossed belt. The relative adjustment of the discs is effected by a set-screw. 
Fig. 47 shows the machine in cross section, Fig. 48 a perspeclive view when 
open, and Fig. 49 the two grinding rings. 
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Sifting-Machines 

The colours after being pulverised in a crusliiiig-macliine must usually 
be sifted to obtain the bigbest possible degree of fineness, or at least 
uniformity, of grain by eliminating the coarser particles. Here again a 
careful differcntijition must be imule between the large number of forms 

. Flo. 47. 
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available, according to the kind or quantity of the colours to be sifted, since 
no one machine will give equally satisfactory results in all cases. 

As every colourman knows, the sifting of colours is a somewhat difficult 
operation, entailing much trouble and often reqniring a considerable expen¬ 
diture of time and patience, and it is therefore not easy to give useful hints 
and advice in this matter to the beginner. Nevertheless, we will deal as 
fully as possible with the sifting appliances that have, according to general 
experience, behaved best in practice. 
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I. Centrifugal SiJlwg^Machine 

Tills machine Is met with in practice in a great variety of forms, all, 
however, based on the same princijile— namely, that the material to be sifted 

is passed through a long 
round or hexagonal cy¬ 
linder covered with some 
kind of metal or silk 
fabric. By means of a 
device fixed on a shaft run 
at high speed, the material 
is continually flung against 
the fabric, the finest par¬ 
ticles of the powder being 
forced through the meshes 
of the screen, whilst the 
coarser particles are dis¬ 
charged at the open end 
of the cylinder. The- 
fundamenlal idea of this 
method is an obvious one, 
and is embodied in the 
construction of many 
forms of sifting appa¬ 
ratus, especially those of 

FlO. 49. 



«arUer date. Naturally, however, these machines take up a very large 
amount of room, since the dimensions must be greater in proportion as 
more perfect sifting is required. 

I’hese large machines being always inconvenient, attention has been 
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to' guiding the tnftiemls to be sifted more frequently ove( tbd 
screening surface> thereby enabling the size of tl>e cylinders to be reduced 
This problem has been easily and satisfactorily solved by the aid of bent 
centrifugal vanes running at very high speed on a common shaft. 

In the apparatus represented in Fig. 50 the materials to be sifted are 
fe<l by a worm into the circular sifting-cylinder, fitted inside with centH' 
fugal vanes of special shape. These distribute the powder equally over the 
whole surface of the sifting-cylinder, and at the same time move it onward 


Fig. 50. 



in the direction of the shaft. Ttie sifting frames of the cylinder are made 
of wood and covered inside with wire or silk gauze. These frames are 
fastened by wing screws on to the ribs of the cylinder, and can therefore be 
quickly and easily changed. The sifted material falls into the lower conical 
part of the apparatus, whence it is removed by the aid of a worm. Though 
in most centrifugal sifting-machines the sifting-cylinder is fixed, in some 
types it is rotary and moves in the opposite direction to the vanes. This 
arrangement, of course, involves a very complicated system of pinions, gear¬ 
ing, &c., which makes the apparatus more expensive without correspondingly, 
increasing its productive capacity. (See Fig 62 .) 

II. The Jasse Sifting-Machine (Fig. .51) 

Tliis sifter consists of two or more superimposed circular screens, the 
number being suitably increased or lessened according to the capacity or 
the class of product desired. The material to be sifted is introduced through 
a central hopper, and falls on to a disc which distributes it equally over all 
parts of the sifting surface. The rotary motion of the sifter throws the 
material to and fro, just as in a hand sieve, until, <lriveu onward by other 
portions behind, it ihlls over the outer edge of the sieve. It thus reaches 
'the second sieve, where the same treatment is repeated, except that the 
direction of movement is now from the outside to the centre, where it falls . 
through the middle and on to the next sieve. If there are only two sieves,; 
the material then drops to the bottom of the sifter, and being conducted to 
outside, is collected in a sack or a barrel placed underneath, The 
ppwder that has passed througii the siftiiig-gauze also fulls on to a collector 
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Underneath each sieve, and is conveyed outward for removal. The game 
is kept perfectly clean by a very simple arrangement, which does not touch 

the gauze at all, so that the premature 
I' lc- 51- wearing of the gauze is completely 

avoided. 

construction of these sifters is 
based on the principle of a plain natural 
sifting of the powdered materials in the 
same way as by an ordinary hand sieve. 
Since there is no violent impact of the 
material against the sifting surface, no 
coarse particles are forced through the 
meshes of the sieve, and the results will 
be exactly uniform under all circum¬ 
stances. With regard to the productive 
capacity, the Jasse machine is in many 
cases superior to other types, one reason 
being that the whole sifting surface is 
utilised, anil another that there is no 
need for such close fabrics as must be 
used in centrifugal machines. The 
appiralus takes up only a very small 
space, and works absolutely dustless; 
another point in its favour, so far as a 
number of colours are concerned, is that 
the power consuni{)tion is very small in 
comparison with some other machines.. 
I'inally, it may be mentioned that the 
great ease with which the sieves can be clianged enables the product to 
be altered in a short time without any detrimental consequences to the 
shade of the colours. 


Drum or Ball Mills (Figs. 52 51-) 

In these mills the crusliing ot the material is effected by a number of 
forged, very hard steel balls ot different sizes, which are kept rolliq^g by 
slowly rotating the drum, and thus gradually crush the material introduced 
between them. According to the nature of the colours, a distinction is drawn 
between l«ll mills fitted with sifting devices and the simpler forms (Figs. 52 
and 5S) in Which tlie drum, on being charged, is closed, then kept revolving 
lor a Iona time, the actual duration dej)ending on the character of the 
material ynder treatment. 

To e^iipty the mill the cover is removed and a grid inserted in the 
opening,'the drum being then started again. On account of the very large 
amount of dust given ofi during this operation, the drum must be enclosed 
In a dust-box fitted with a discharging shoot and sliding cover. The bail 
mill illustrated in Figs. .52 and 5.'J can only be used wlien a uniformly ground , 
product is not essential; otherwise this latter must be sifted after it leaves 
the drum. 
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Fro. 64, In these mills whidfc," 

as already mentioned^ also 
effect the rough crushing 
of the materia], the grind¬ 
ing drum proper consists of 
two strong side-plates, one 
of which is provided with 
a removable arm and also 
serves as a feed-hopper. 

Hoth side-plates are pro¬ 
tected inlcrnally against 
wear by hard cast j)lates 
which can he easily changed. 
'J’he grinding surface itself 
is formed of lieavy reversible 
rolled steel grinding beams, 
and by cast steel back-throw ^ 
beams, with intermediate 
adjustable slits, through 
which the crushed m<aterial 
escapes from the drum. 
I'his grinding surface is 
surrounded at a short dis¬ 
tance by detachable protec¬ 
tive screens, and these in 


Fig. Gf). 



turn by the detachable fine sifting-frames. The material crushed by the slits 
in the grinding surface first encounters the protective screens, and from' 






reaches the fine screens. &uch of the mateHal as will pass 


the meshes of the fine sieves thereupon leaves the nAili, vrhilst the coarser 
portions fall back upon the back-throw plates and into the inside when the 
drum reaches a suitable position. The material in these mills also is crushed 
by balls of dirterciit sizes. The whole of the grinding drum is surrounded 
by a tight fitting dust-box fitted on the top with a ventilating pipe^ to which 
a dust exhaust pipe c^an l>c connected. At the bottom of the dust box is a 
discharge pipe, with sliding cover, for drawing off the ground material.. 
The mill must always be run in the direction and at tlie speed prescribed iii 
the instructions, and should be kept filled with sufficient material to prevent 
the balls from striking directly against the grinding beams for any length of 


time. When the mill is being under-fed the balls give out a charucterisUc 


metallic sound. 


General Notions about Properties and Applicability of Colours 

Whilst the detailed characterisation of the various colouring matters and’ 
pigments must be postpoi^ed until we come to deal with them separately, 
some genera] introductory remarks may now be given as facilitating com¬ 
prehension of the references that will then be made in the text. 

Tlie choice of a colour for colouring any given article is by no means a 
matter of indifference. It is not sufficient that a certain colour appears to 
have a suitable shade and tint, but in addition that the total chemical and 
physical properties of the colour must be suitable for the purj)ose, tlie 
method of application, and the local conditions, as well as the influences 
which the material itself exercises or to which it has to be exposed. That 
is to say, the colouring-material must be able to form with the coloured on6 
a combination which must be durable and capable of withstanding all 
outside influences in a liigh degree. 

With regard to the external influences acting on all coloured objects, the . 
chief of these are the light and the atmosphere, whose chemical influences 
have also to be considered. Photography demonstrates the chemical activity 
of light; and since on tlie one hand in photography we utilise the decom¬ 
posing effect of sunlight upon silver salts, we must on the other put up 
with the fact that this same sunlight exerts a similar influence in other 
directions, namely, compounds having a certain value as colouring matters. 
Therefore where the j)rotracted influence of light upon an object has to 
be reckoned with, a colour that is fast to light must be taken. It must 
be mentioned tliat this chemical activity is not confined to bright, direct 
sunlight, but is also possessed by diffuse daylight, though in a less 
degree. 

First among tile colours that are not fast to light arc those of the organic 
group, comprising not merely the majority of coal-Uir colours and their lakes, 
but also the colours obtained from plants, though not without exception, 
natural and artificial indigo, natural madder and the artificial (alizarine 
lake) being, fur instance, very fast to light. Inorganic colours are generally 
fast to light, but some, especially such white colours as Hthopone, are 
affected by prolonged ex[)osure to light. 

^ In addition to light, the small quantities of gaseous impurities present in 

air also have a destructive effect on delicate colours. For instance, the 
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air close to gas-works or to large industrial furnaces, manure heaps, &c., will 
contain a certain amount of gaseous sulphur compunds—ammonium sulphide, 
sulpho-cyanogen, carbon disulphide, Sic .—formed as products of the com¬ 
bustion of coal or of the decomposition of organic bodies containing sulphur 
and nitrogen escaping into the open air. Where such gaseous contamination 
exists, no colours may be used that contain ingredients sensitive to sulphur. 
These comprise all compounds containing lead, fur instance, winte lead and 
chromes, these turning colour in consequence of the formation of black 
sulphide of lead. 

Ill the neighbourhood of chemical works the air often contains acid 
vapours, such as nitrous or nitric acid, sulphurous acid, chlorine, &c., which 
have a very strong decomposing action and. are rapidly destructive of 
colours with a low resisting power. Solar heat, a damp air, rain and snow 
accelerate the process of decomposition. The small quantities of nitric acid 
and ammonia always present even in pure country air may also exert an 
influence on sensitive colours. 

The fact that genuine vermilion is not a fast colour, but turns brown in 
air and light, and finally becomes quite black, is apparently due to a physical 
process resulting from chemical action. Tile altered vermilion has still the 
same chemical composition that it Jiad before as a red colour, but the 
physical structure is different; it is probably due to an amorphous modifi¬ 
cation. (.SVe the manufacture of genuine vermilion.) Objects (for instance, 
prints) coloured with vermilion are more permanent in colour when protected 
against light and air. Some colours are capable of being restored after 
having suffered by influence of liglit by their being kept for some time in 
the dark, or vice verxd, as is the case, ibr instance, witli white lead, which 
in the state of oil paint quickly turns yellow in the dark, but becomes quite 
white again on being exposed to the light for some time. 

The destructive influence of acids has been mentioned already, and a 
still more important influence in many cases is the decomposition effected by 
alkaline substances, especially where the colouring of bodies with an alkaline 
reaction is in question. This is the case where a lime-plastcrcd house has 
to be })ainted, or where the colour is added direct to the lime plaster, as is 
done in decorative painting and in fresco work. In such cases, therefore, 
colours that are fast to lime must be used. 

It often happens that painted objects, or such as have been coated with 
colour by printing or harul-work, are covered with a layer of lacquer varnish 
(i.e., solution of resin in oil or spirit) in order to improve the brightness of 
the colours and protect them at the same time. In this connection it must 
be remarked that for more valuable works of this kind it is sometimes the 
practice to use colours which, though distinguished by their vividness, 
brilliancy and variety of tint, are not always capable of resisting the solvent 
action of the spirituous solvents present in the resin varnish. The result is 
that the colours themselves pass into solution too, and consequently the 
entire painting may be endangered. Hence, objects that are to be varnished 
afterwards must be painted or printed solely with colours that are insoluble 
in varnish; and in addition these colours must be thoroughly dry before the 
varnish is applied. All inorganic colours are fast to varnish; but many, and 
especially the most brilliant, organic (coal tar) colours are not so. 

The earthenware and porcelain table ware in daily use is decorated with 
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coloured designs and other coloured ornamentation; and these articles, as we 
know, have been fired in the making, being exjwsed to a very high temperature ■ 
in that process. Hence for ceramic purjioses only fireproof colours are suit¬ 
able ; and these, though they do exist, are very few in number. They are, 
of course, exclusively of inorganic origin, being generally metallic oxides, 
such as are also used for enamels and glaze colours. 

The manner in whieli the colouring matter is fixed on the material to 
be coloured is variable. In painting, the colour is finely diffused in a liquid 
substance, the vehicle (size, varnish), and theji applied to the object in a 
suitable manner. 'I’he vehicle in which the colouring matter is dissemi¬ 
nated dries gradually on the painted article, and then adheres to the latter, 
which conseipiently is not stained itself, but is merely coated with colour. 
The process of dyeing is (piite different, the whole mass in this case being 
stained right through. In making coloured paper, the colouring matter 
must he added to the paper stock at the beginning of the manufacturing 
process, and consequently no special fixing medium is required. The colour 
added may consist of a finely distributed solid pigment (for instance, ultra¬ 
marine), or of an aipicous solution of some organic colouring matter. In 
dyeing cloth the latter process is generally useil—/.c., an a(pieous solution 
of the colouring matter is employed, the colouring matter being ])recipitated 
or develoj)t'd upon the fibre in a suitable manner. It appears, therefore, 
that for certain purposes solid pigments must be used, whereas in other 
oases colouring matters soluble in water are emjdoyed. Now all inorganic 
colours are insoluble in M'ater, whilst most pure organic colouring matters 
are soluble therein. 'I'he latter, therefore, are more particularly used for 
dyeing, the former for painting. 

In painting with colours on a white ( 1 . 0 ., in the practical sense a colour¬ 
less) surface, it is for the moment a matter of indilference whether the 
colouring material selected takes the form of a compact, heavy coat or a 
thin, transparent film. In both cases the colouring effect will show up 
clean on the pure white ground. It will, however, he (^uite different when 
the object to be coloured is already of some proiuniiieed colour, or quite 
black, the coloured grouiul then needing to be coated with some more 
powerful colour. If in this case a sliglil and transparent colour were 
selected, it w'ould be impossible to mask the ground colour, and the result 
would be a combination of optical effects, furnishing either a blend of the 
two Colours or leaving the stronger colour of the ground predominant. Thus 
in the case of a light blue gr.ound and the applied colour a transparent 
pale yellow, the resulting effect will be green. On the other hand, with a 
dark blue ground and a very light yellow applied colour, the colour eflTect 
will remain dark blue, the light transparent yellow being too weak to affect 
the result. In order to obtain a strong yellow effect by jiainting or printing 
on the dark blue ground, one must choose colours whose optical effect will be 
to destroy or mask that of the underlying colour. Such colours are known 
as opaque colours, the antithesis of these being transparent colours. The 
quality of opacity is not always inherent in the pigment itself, since a trans¬ 
parent colour can be rendered opaque by suitable additions. In the .same 
way, an opaque pigment can be transformed into a transparent one by suitable 
additions, though with less success, and usually at the expense of the colour¬ 
ing power. A large number of inorganic colours are naturally opaque, though 
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no strict line of demarcation can be drawn between the two classes, antf' 
tnany colours can be used hs o))a(]ue or transpircnt colours according as they 
are laid on more compactly and thick, or lighter and thinner. TJ)e covering 
power of a pigment varies inversely with its crystalline character. The 
amorphous condition gives the best results in this respect, the s])ecific gravity 
being immaterial, lor inslaiiee, lamp-black may be mentioned as a 
specifically very light colour with a very high covering, and most intense 
colouring power. Furtlier for instance, genuine vermilion, Krems while, 
chromes, aScc., are in the j>ure slate excellent ci^vering pigments. 'I'erra di 
Siena and Hlanc fixe are interme<liate between the ()j)a(pjo and transparent 
colours, and the j>ur(; alninirja coal-tar lakes are decidedly Iran.sparent. 
To some extent also the (piality of opacity or transparency is influenced by 
the medium, (»r vehicle, with which the jngment is mixed and laid on. 

A whole series of artificially produced colours are also found ready formed 
in Nature. Thus, natural cinnabar and the artificially produced genuine 
vermilion, or again, natural laj)is-iazuli and the artificial ultramarine, are 
chemically identical. As pigments, however, they arc not pra(‘licjdly c(juiva- 
lent, the artificial products being far ])rcferal)lc in this case, although the 
natural products are of greater nuuK'V value on account of their rarity. 
The morphological structure of all natuval mineral com[)ounds is crystalline, 
and they cannot be reduced, even by repeated crushings and grindings, to 
such a fine state of division as that easily obtained in the production of the 
same compounds by suitable artificial means, which as a rule <lo not undergo 
any special crushing process. Hence, for colour purposes, the preference 
will always be given to the artificial products over such as are found native. 

The vehicles used for grinding colours are generally divided into 
oleaginous (linseed oil, varnish, resin), and a(nieous (gum, casein-size) All 
colours can be made up as oil or water colours, and the form in which they 
are treated for certain purposes depends mostly on practical considerations 
alone, and not on chemical or physical reasons. In most cases the pigment 
is suspendeil—or more rarely dissolved - in tlie vehicle unchanged; and in 
any event they nuist not react on each other in any way tending to result 
in the decomposition of one or holi>, thus destroying the colour and render¬ 
ing the vehicle ineireclive. 

Some colours enter into chemical combinations willi the oleaginous 
varnishes, thereby improving instead of impairing tlse pr(>})evties of the 
paint. Thus the lead pigments combine with linseed oil varnish to* form 
lead soaps. It is easy to comprehend that this cluMiiical ])rocess of suponifi- 
cation gives th<j ])igmenl greater homogeneity, and iherelbre better cover¬ 
ing power, and higiR'r adhesive capacity than is the case with a simple 
mechanical mixture. In other cases, however, the reverse sometimes occurs, 
colours mixed with size or starch, for example, niulergoing acid fermentatioA 
in certain circumstances. When the colouring matter consists of certain 
delicate organic dyc-stufls or lakes, the liighly di.sagreeable Vesult in such 
event will be complete decom]>ositioii of the colouring matter and tlie con¬ 
version of the originally bright coloured workable pigment into a discoloured^ 
malodorous liquid. 

Finally, it should be mentioned timt some colours will react on one 
another when mixed. For instance, lead colours are very sensitive to the- 
influence of gases containing sulphur, and also to colours containing that 




vdeVn^l. ‘ For instance, white lead or chrome yellow must never be 
with ultramarine or vermiliDii, both of which contain sulphur in a loosely 
combined form. 'I'his sulphur will combine with the lead more or less 
rapidly, according to circumstances, the reaction being favoured by thet’ 
intimate contact of the pigment molecules in a homogeneous colour mixture> 

• the operation of grinding and tlie process of mixing the pigment and 
vehicle, the latter being generally attended with a slight generation of heat. 
For instance, a mixture of ultramarine and Krems white would leave 
the mill not as a light blue, but as an already discoloured grey-blue, which 
soon turns into a dirty dark blue, and finally into black. Lead and copper 
colours are specially sensitive to sulphur, and therefore must not be mixed: 
with ultramarine, vermilion, or lithopone. 

The points mentioned here apply e(pially to artists’ colours and industrial- 
)>aints, the object being to give the beginner some general ideas enabling 
him to know and appreciate the factors and conditions which have to be 
considered in the proper compounding of colour mixtures and vehicles. As 
a matter of course the vessels and apparatus used in the prejmration and 
storage of colours must be selected in accordance with the properties of 
the latter. Ultramarine and cinnabar vermilion, for instance, must not be 
ground with iron rollers, nor kept or treated in lead or copper vessels. 

Having now dealt with the various properties of colours, a short descrip¬ 
tion may be given of easy and rapid methods of testing colours for the 
{>ossession, or otherwise, of certain of these pi'operties. 

The faniness to U^kl can be tested by spreading the pigment, along with 
quick drying linseed oil varnish or size, on a paper or cardboard surface, 
and allowing it to dry superficially. About one-half of the layer of colour is 
then covered tight witli dark cardboard or paper, the sheet being fastened 
with drawing-pins, or similar means, on a board and exposed to the light in^ 
a suitable place, protected from the rain if out of doors or near a window 
indoors. Exposure to the direct sunlight is a drastic test, «mder which 
fugitive colours will show a remarkable change in the course of a day, some¬ 
times even in a few hours. In diffused daylight the test naturally takes 
longer, but even in this case a week will generally be sufficient. On remov¬ 
ing the protecting card, &c., from the covered part of the colour surface 
after the test is ended, no difference will be observable in the case of fast 
colours with regard to the shade of covered and exposed parts, though it 
may,happen that the exposed part has suffered pcrliaps to some extent by 
dust or other influences. According as the colour is more or less sensitive 
to light, the exposed part will be found to be more or less faded. 

Coiiicideiitly with the foregoing test, the colour may be tested for its 
ability to stand climatic influences by exposing it out of doors for a suitable 
length of time. 

Fastness to alkalies is determined by well shaking up the dry or mixed 
colour repeatedly with milk of lime and a correspondhig (juantity of water, 
and leaving it to stand. If the colour is not fast to alkalies it will fade and 
decompose. 

When a colour is to be tested as to its suitability for fresco painting, in. 
.which case it must also be able to resist the action of silicic aci<l, the s^mre 
experiment is |)erformed, byt with cement instead of lime. For certain; 
'^rposes (for instance, printing on tins used for preserves) the colour must 
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be able to stand high temperatures, though usually not exceeding 212* 
Fahr. The test in this case is made by shaking the colour up vith lading 
water. After the colour has settled down in the glass, or has been filtered 
off, the water should be colourless or only very slightly tinged. 

Ceramic colours must be able to stand considerably higher degrees of 
temperature—the tem])eraturc. of the glost kiln—in addition to fulfilling 
certain other conditions which cannot be gone into here. 

The fnsliu’sn of a colour lo spirit is determined by slinking up tlie dry or 
mixed colour with strong alcohol (()0 jier cent, at least), with or without 
warmth, as the case may lie. If the alcohol remain colourless, the colour is 
fast to alcohol (spirit-proof). In this manner ochre and genuine vermilion, 
for instance, arc tested for additions of coal-tar dyes to brighten them up. 
A colour which is not spirit-proof in the sense of the foregoing test may 
nevertheless be suitable for varnishing— i.e., will stand coating with spirit 
lacquer without running, provided a linseed oil varnish lias been used as the 
vehicle, and the painting or printing has become completely dry before 
varnishing. Colours—esjieeially lakes made with coal-tar dyes — which 
are not too readily soluble in spirit will in such case remain completely 
unaffected, being enveloped in the dry varnish, whereas more easily soluble 
colours will run to a greater or smaller extent. 

If a colour mixed with varnisli be spread on a sheet of glass in such a way 
that a surface of about one S(|uare centimetre is covered evenly and not too 
thickly, ami the glass be then placed on a printed sheet, sueli ar. a iiews- 
jiaper, the underlying print will not be discernible if an opa(jue colour has 
been used, though it will be visible in the ease of a transparent colour. 
The intermediate stages here are very numerous, very many colours being 
neither purely opjujuc nor purely transparent, but approximating more or 
less in their properties to one category or the other. 

To compare the colouring power of tw'o or more colours, it is necessary 
to prej)are a pure white colour mixed with varnish, and then add to each 
100 parts of the white colour I’2 parts of tlie dry colours lo be tested, 
these samples being nibbed down in a porcelain mortar until perfectly 
homogeneous. Tlie colour in the mixture that gives the deepest tinge 
will have the strongest colouring or tinctorial )H)wer. 'I'he same test may 
also be performed w’ith dry white pigments—while lead or zinc white, 
blatic fixe being the best. 

An injurious sulphur content in a colour of unknow’ii compositioi»i can 
be detected by rubbing dow'ii the dry colour in water with Krems white, 
slightly warming it if necessary. Tlie presence of sidphur will be revealed 
by the original pure light tone of the colour becoming a dirty grey-black, 
according to the amount of sulphur available to form lead sulphide. 

To test the fineness of grinding, a certain quantity of the colour is placed 
in a small, loosely-tied bag of fine silk gauze, sliaking the bag gently and 
dropping it upon a sheet of paper underneath so long .as the gauze continues 
to allow any of the colour powder to fall through. When all the fine colour 
has been shaken out of the bag in this way, the coarse residue in the bag is 
determined by weighing. According to the degree of gi’inding or pulverisa¬ 
tion employed, a correspondingly coarser or finer mesh gauze is used for the 
bag, the exact gauge of the gauze being ascertained by the number of 
meshes per unit area (e.g., square inch). 
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The Nomenclaliire of the Colours 

It is advisable to say a few words about the nomenclature of colours, 
although unfortunately no systematic classification has been adopted in this 
respect. On the contrary, the names of colours Imve been quite arbitrary, 
and not only manufacturers, but merchants loo, think themselves entitled 
to fix the name of any kind of colour they are to produce, or have 

mixed or compounded from otheiN, or to which they have done nothing 
beyond ujnlertaking the sale of the article - in some cases re naming a well- 
known j)roduet in order to increase the sale by putting it forward under the 
guise of novelty. Such conduct is facilitated liy the de})lorable lack of 
technical knowledge among users of artists’ and painters’ colours; on this 
account the endeavours latterly made to increase that knowledge among 
consumers are a source of gratification. 

Thoiigl) we do not wish to imply that this confusion in the nomenclature 
of colours arises from dishonest motive.s, it cannot be denied, on the other 
hand, that the existing slate of things is conducive to dishonesty in the 
colour-trade, and has, as a matter of fact, (»|)ened the door to malpractices. 
Indeed, there is at pre.sent no trade (especially in the retail business) where 
description of the goods is so unreliable as in the colour trade. . 

As stated, anybody considering it advantageous to do so claims the 
privilege of giving any name he pleases to a colour apart from its existing 
name, the result being that, on the one liand, a single colour is sold 
under several--indeed, soujclimes a dozen—different names, whilst, on the 
other hand, one finds a single name applied to a whole scries of different 
colours. 

Fur instance : white lead (basic carbonate of lead) is also sold as Krems 
white, Dutch white, Venetian white, slate white, Berlin white, silver 
white, &c. Conversely, three entirely different colours arc found in the 
trade under the name of Indian yellow. First of these is the perfectly pure, 
genuine Indian yellow, which is an animal secretion and is obtained from 
the urine of oxen, camels, and horses fed on tlie leaves and fruit of the 
mango in India. Another Indian yellow is a lake made from coal-tar dye ; 
and finally a cobalt colour (potassium and cobalt nitrite) is called by the 
same name. 

Jliis clearly shows that in many cases the purchaser of colours who 
merely asks for a certain article by name is liable to get something 
different from wlial he really requires, it being evident that the colours 
which are actually diflereiit, though named alike, do not possess the same 
chemical and physical i)roperties. Hence in ail cases where a certain 
material of definite character is required it will he necessary, in order to be 
sure of getting the right article, to specify distinctly which properties the 
colour r^ recjuired to possess. Apart from the great number of fancy names: 
Victoria new blue, patent red. Mars yellow, emperor green, royal 

blue, cteruleum, Faiglish red, &c., colours are often named after their 
inventor, Scheele green, Ferkinss violet; after tlie original or principal 
place of .origin, Berlin blue; after the place where they are found in 
nature, 'len-a di Siena; after their ingredients, chrome yellow, white lead ; 

after their resemblance to .some colour found in nature, turquoise-blue, sky- 
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the same nroduct In the enniparatively new indiistr) ol co.il-tar colo nilig. 

Where fancy names are applied for the sake ot eonvement brevity (eos n 
lithol red ic) these senerally relate to patented ^<)ods, the name being 
^“SbytheU-'t'The iileal nonmnelatuiv in ;;n-es is 
cxiiressiiig tlie chemical composition ot tlie colours. ‘ 

Sm to be impracticable, at all events for the organ,e 'S ' ; X’ 

since in manv cases their complex structure can only be explained by lengthy 
chemical formula; and therefore by correspondingly long and perplexing 

scientific nomenclature, difficult to proiioimcc. „„..cr he sure that a 

In commerce {e-ymiM/ Ihc rein,I bv«/c) 
colour sold under any given name is the siime in " 

safe side the buyer should specify exactly the propcitics vvhn 1, tl e c iiieu 
colour is expeetld to possess, which done, any honest and competent dealer 
will be able to supply what is wanted. 
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THE MANUFACTURE OF THE ARTIFICIAL 
JMINERAI. COLOURS 

WHITE MINERAL COLOURS 

Only a comparatively limited number of white mineral colours have any 
extensive techiucal application. The most important representatives of this* 
group are: 

1. iitaiic fixe (also called permanent white, barytes white, fast white). 

2. Zinc While (zinc oxide, dowers of zinc, snow white, Ac ). 

3. While I^ad (Krems white, slate white, Berlin white, silver white, 

Ac.) 

4. Lithopone (zinc sulphide white). 

This last-mentioned lias recently gained such a j)rominent place on the 
market as a substitute for white lead that a number of large works have been 
specially ecpiipped for its production. 


I.~MANUPACTURE OP BLANC PIXB {Arliftvial Uaryles) 

According to its chemical comj>osition, blanc fixe is pure barium sulphate 
with the chemical formula BaSO^. It is manufactured in considerable 
quantities by precipitating a solution of barium chloride with sulphuric acid 
or ch^p sulphates such as (llauber salt, magnesium sulphate, Ac. 

For the production of barium chloride, as the raw material for the manu¬ 
facture of hlanc fixe, two minerals are available, namely, the natural barium 
sulphate, known in commerce as barytes, and, secondly, barium carbonate 
(witherite), a mineral also found extensively in nature. This latter is far 
preferable to barytes, on account of its cheapness and relatively easy decom- 
^sition by the aid of hydrochloric acid. 

; To convert barytes (which is well known to be a compound extremely 
difficult to be reduced to the soluble forni) it must first be treated by a very 
lengthy and troublesome process. This consists of calcining the finely 
'pj|dverised barytes with a material rich in carbon, in which process the 
e^bon combines with the oxygen of the barytes and reduces the latter into 
sulphide. The latter can then be decomposed with hydrochloric 
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The chemical reaction occurring in the reduction of barytes to barium 
sulphide may be represented by the following simple equation; 

BaSO, + 4C = BaS + 4 CO 

Barytus Carbon J^ariuin sulphule Carbon monoxide, 
the latter escaping as a gas. 

In the next oj)eration, the treatment of barium sulphide with hydro¬ 
chloric acid, the products are barium chloride and sulphuretted hydrogen 
gas. Such considerahlc quantities of this gas are liberated that their removal 
by the means available in most colour manufactories is often attended with 
the greatest difficulty. In fact, the ehief disadvantage in the method of 
producing barium chloride from itatural barium sulphate as compared with 
witlierite consists in the fact that, in the most favourable circujnstances, the 
complete elimination of the sulphuretted hydrogen can never be successfully 
eifected. 

The decomposition of barium sulph'de by hydrocliloric acid into barium 
chloride and sulphuretted hydrogen proceeds in accordance with the following 
equation ; 

BaS + 2 HCl = BaCl, + II,S 

Barium sulphido Hydrocliloric acid Barium ciiloride Sulphuretted iiyilrogen. 

In the actual manufacture of blanc fixe, the barium ciiloride obtained as 
above must be triNited with dilute suljihuric acid or with an aqueous solution 
of one of tlie above-mentioned sulphates, the barium sulphate being thrown 
down as a finely divided precipitate. When dilute sulphuric acid is used as 
the precipitant we obtain the products given in the following equation: 

BaCI, + H,S(), = BaSO, -I- 2 HCI 

Barium chlovido Sulphuric acid lUaiic lixo Hydrochloric acid. 

The two molecules of hydrochloric acid previously used for the decomposi¬ 
tion of the barium sulphide are here recovered, and can be used over again 
for the same purpose, though, for two reasons, tliis is possible to only a 
certain extent. 'I'lius, the liydrochloric acid becomes more and more dilute 
in repeated use, so that eventually it would cease to act at all. On the other 
hand, it would gradually absorb such a large quantity of the impurities con¬ 
tained in the barium sulphide as to become useless. 

'I'he precipitation of barium chloride by suljihates (Glauber salt, Na,SO^, 
or Epsom salt, MgSOJ proceeds in accordance with tlie equations: 


(1) 

liaCI, + 

Na,.SO, 

= BaSO, 

-t- 2NaCl 


Barium chloride 

(iluiiber salt 

Blanc fixe 

Common salt, 

(Si) 

BaCl, + 

^ MsSO, 

= BaSO, 

+ MgCl, 


Barium chloride 

Kpsom salt 

Blanc lixe 

Magiieshim chloride. 


In both cases, in addition to blanc fixe, the chloride corresponding to the 
sulphate used for precipitating is obtained, and these by-products must be 
eliminated from the blanc fixe by repeated washing. The precipitates of 
blanc fixe obtained by these methods differ considerably, a fact becoming 
distinctly noticeable even in the washing process. Whereas the white pre- 
cipiUite, produced by means of sulphuric acid, settles down to the bottom 
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very quickly, and leaves the supernatant liquid perfectly water-clear, the 
precipitate obtained with the sulphates aforesaid subsides very slowly, and 
the supernatant liquid is always milky. The explanation of this difTercnce 
between bodies apparently identical is found in the diifcrent structure of the 
precipitates. That obtained with sulphuric acid is more crystalline than that 
produced by the sulphates, which is more amorphous. Conseijueiitly the last 
mentioned method of precipitation furnishes a product witli far more coverin^f 
power than the other. This circumstance is very important, especially with 
regard to the application of blanc fixe for the majiufacturc of wall and fancy 
paj)ers. 

The decom|)osition of withcritc with liydrochlorie acid is always accom¬ 
panied by very strong evolution of carbonic acid gas, the witherite being 
chiefly composed of barium carbonate (BaCOj). The folloM’ing equation 
explains the chemical process; 

BaCO^ + i> HCI =. BaCl, + If .CO, 

Witlicritr llyilrocIjNnic iicul harium cliluriile (Carbonic aciil. 

The combination however, is really not able to exist in the acid as 

such, and decomposes, at the moment of formation, into carbonic acid, COj^, 
and water, H,,0, so that the above formula should really be expressed as 
follows; 

BaCO,, + HCl - BaCl, + H,<) + CO, 

Witlioritc aciil BuriuiJi chloriilc VVult.-r Carbon dioxi'le. 

The important advantages gained by producing barium chloride from 
witherite are obvious and intelligible to every one. First, barium chloride 
is obtained direct from the raw material without the long and expensive 
calcining process necessary in the decomposition of barytes ; and, secondly, 
the cost of removing the poisonous sul|)hurctted hydrogen is saved entirely. 
However, most brands of witherite sometimes contain a larger or smaller 
percentage of sulphur compounds, which furnish sulphuretted hydrogen 
when the mineral is decomposed with hydrochloric acid, though the quan¬ 
tities of this pernicious gas so formed are too small, in most ca.ses, to cause 
any inconvenience to the vicinity. 

I'he carbon dioxide formed in great quantities by dissolving witherite 
with hydrochloric acid may be allowed to escape into the open air, this com¬ 
pound (witherite) being generally harmless, though, of course, the gas must 
not be allowed to enter the workrooms. Certain kinds of witherite, however, 
contain considerable quantities of arsenic, the presence of which should be 
confirmed by chemical analysis beforehand, since when this substance is 
detected special precautions arc necessary. In presence of hydrochloric acid 
these arsenic compounds form arseniuretted hydrogen, which is known to 
have an extremely poisonous action on the human organism. 


Manufacture of Barium Sulphide Arom Barytes 

The reduction of barytes to barium sulphide with coal is best efl’ected in a 
retort furnace. The retorts, constructed of fireclay tiles, are built into a furnace 
one above another, and also side by side, in such a manner that they are 



uniformly heated. The openings for-charging and emptying the reCM^' 
ihust he fitted with air-tight covers The retorts themselves are provided 
in the upper part with one or two slits, to permit the unrestricted escape 
of the carbon monoxide and the products of combustion given off in large 
quantities. 

Such enormous volumes of these gases are produced, es])ecially when 
lignite is used as the reducing agent, that if two retorts are arranged one 
above the other the gases can be used as fuel. The gas, in this case escaping 
from the slits of the under retort, arrives at the bottom heating-place of 
the upper retort, comes in contact with the heating-current, and takes fire, 
a sufficient draught of air being present Some idea of the quantity of gas 
can be gained from the fact that when the retort is opened—say for stirring 
the glowing mass—the sudden draught of air drives the flame out of the 
retort to a height of 7 to 10 ft. 

The reduction of biirytes in closed retorts is preferable to other methods 
for various reasons, h’irst, this process has the advantage of preventing any 
reoxidation after reduction, which is not always the case when reduction is 
effected in reverberatory furnaces. If in this type of furnace the flame is 
compelled to pass through a medium-sized opening from the combustion 
chamber into the reducing-chamber, as is usual in modern furnaces of this 
class, the flame, even if it does not exactly oxidise, will at least hinder 
reduction. Properly speaking, the conditions for oxidation are high tem¬ 
perature and unrestricted admission of air. The delayed reduction in the 
reverfceratory furnace is clearly indicated by the circumstance that oxygen is 
supplied by the flame itself to the easily oxidised body, carbon, mixed with 
the barytes, and usually causes it to ignite. This counteracts the object 
with which the carbon is .added—namely, to deprive the barytes of oxygep, 
by utilising the same for its own combustion. A secondary consequence is 
that the reduction, eventually brought about by the action of the hydro¬ 
carbon gases of the flame, will require more time and carbon than should 
properly be necessary. Moreover, direct oxidation of the barium sulphide 
will inevitably happen in such reverberatory furnaces if the charge be 
allowed to remain too long ; th.at is to say, after all the existing carbon of 
the mixture has been oxidi.sed and has escaped as carbon monoxide. These 
defects will not occur if the mixture of barytes and carbon be calcined in 
closed retorts. The glowing retort ignites the carbon mingled with the 
barytes, and in the absence of a supply of air forces it to take from the, 
barytes the oxygen necessary for its own combustion. The reduction is' 
necessarily complete, provided sufficient carbon has been mixed with the • 
barytes to convert the oxygen of the latter into carbon monoxide. 

According to practical experience, this quantity amounts to rather more ' 
than a quarter—in fact, about three-eighths; that is, per cent—of the 

weight of the barytes. Any lower quantity than this will result in a.- 
diminished yield of lairium suljdiide, whilst any exce.ss of carbon will 
retard the dissolving of the calcined product, and is, moreover, uneco- 
nomical. 

The tendency to reoxidation to which barium sulphide is prone,;' 
especially in the hot state, is prevented in the retorts, since the strons' 
draught through the gas openings prevents the entrance of either air 
flame. Besides, the construction of these openings is arranged in 




"TpiCftner tllat ihe draught is restricted to thie direction of the main draiigh^^ 
.4‘nd cannot be reversed. I’herefore it is immaterial, if the retorts be closwl 
as, directed, it the glowing mass be sometimes accidciitaDy left longer in 
the furnace than is absolutely necessary. 

A further advantage is the siin])le construetion of the retorts. Cliarg- 
ing and emptying arc ellected (juiekly and without diiliculty, a point 
advantageous bolh to the working of the process and to tin; workman, the 
latter being exposed only for a short time to the heat and the poisonous 
carbon monoxide gas, as well as to the line, corrosive dust of the barium 
sulphide, which makes respiration dillicult. 

In a retort furnace, even if only of medium size, twice the amount of 
Material can be calcined with the same (juantily of fuel as in a reverberatory 
furnace of far greater dimensions. 

The ]>rocess is eoniinuous. Since the mixture of barytes and coal takes 
exactly four hours for complete rcdiudion, one retort has to be filled every 
hour in starting, so that by the time the last rebut is charged the first is 
ready for emptying. While tins is being recharged and closed, the empty¬ 
ing of the second oim can be commenced, and s<» on. In this manner the 
men are able to work eontinu.illy without any prolonged waiting. After 
the glowing material has been in the retort two hours it should be turned 
once, an additional re ason for this being that, on opening the retort, any 
internal pressure of gas perhaps is relieved. At the first thrust made into 
the glowing mass the gas ignites at onc<-, and as soon as it is burned off and 
the smoke has escaped a little, tlie turning must be finislmd (piiekly and the 
retort shut again, riie wliole openition is so rapid that no oxidation need 
be feared. 'Fhc mixture, ;is alrea<ly mentioned, consists of one part barytes 
and three-eighths part coal (preferably lignite) that has first been cruslied in 
an edge-runner mill and then ground Iw a set of stones as finely as possible. 

It is advis:ib)e to run the mixture again through the .stones after it has 
been mixed by the edge-runner. 'J’he resulting intimate mixture is then 
moistened in a suitable l)ox of wood or iron plate, work(Hl up well witll a 
hoe or a shovel, then formed into bricks ami well dried, cither on the top of 
the furnace, or, if lime allows, in the open air. At all events the bricks 
must be <lrv, if only for the reason that otherwise the residual water, would 
vaporise-on calcination, and convert the barium sulphide into barium 
hydroxide, tliereby retarding reduction. 


With regard to the coal, a good deal depends, of course, on the (piality, 
experience showing that bituminous coals an; not so suitable for reducing us 
lean coals. Coals of the former class verx- often cause the mass to 
Cftke together, and eonsccpiently the reduction is verj' imperfect. With care 
the charge will yield an amount of barium sulphide corresponding to the- 
dHginal quantity of barytes; this maximum, however, cannot always be 
qhtained, and in most eases about 10 per cent, of the barytes is left unchanged 
m the calcined })rodnct. On the other hand, careless mixing of the raw 
materials may result in HO per cent, or less of the barytes remaining 
^changed. The duration of the calcining process depends on the weight 
if the charge and especially on the degree of fineness of the powdered 
bafyt es employed, the more or less efficient mixing of the powdered barytes 
Vdtn the lignite having also a considerable influence on the time required 
^cglcining. 
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No less important for obtaining favourable results is the purity of the"' 
barytes. The presence of iron is immaterial, but any large percentage oi 
calcium carbonate or of calcium sulphate (gypsum) is a considerable dis- 
advantage in respect of the yield obtained. It is therefore advisable to use 
the best barytes only. 

If the reduction has advanced sufficiently far, which is indicated by the 
cessation of the blue flame of carbon monoxide, the glowing mass, which will 
already have crumbled down into a powder, can be drawn out of the retort 
quickly with an iron crutch. The finished product falls into an air-tight 
iron box below, and is there left to cool down to a faint red heat, at which 
point no oxidation of the barium sulphide need be feared. 'J'he box may 
then be opened and the cold jiowder ])acked in barrels for storage. 

To convert barium chloride into the barium sulphide, it is next treated 
with hydrochloric acid until completely decomposed. 'I'his process can be 
carried on in ordinary wood tanks, as represented in Fig. I. As already 
mentioned, the reaction is accompanied by the liberation of a considerable 
quantity of sulphuretted hydrogen gas, which has to be got rid of without 
making a nuisance. This can be done most simply if no other use be found 
for the gas, which will usually be the ease, by carrying on the dissolving 
process in a spacious tank provided with a tightly closed cover. Near the 
edge of the latter is a-short square wooden chimney, which is connected 
with a wooden pipe discharging into the chimney st.ick, thereby forming a 
jMssage through which the gas is discharged into the stark. The necessary 
draught for this purpose is admitted througli an opening in the wall of the 
tank, the rate ot discharge being controlled by a rotary damper covering 
the said opening. The tank is also ]>rovided with a mechanical stirring 
device, the vertied shaft of which passes down through the centre of the 
lid. Exactly opposite to the gas outlet the lid carries a Inqipcr, situated 
near the edge and closed at the lower end by a horizontal slide. This 
hopper, which is closed by a wcll-fitling lid, delivers the powdered barium 
sulphide into the tank. Close to the interior jacket surface of the tank is 
placed a strong earthenware pipe extending nearly to the bottom of the 
tank and issuing from the side of the same about three-fourths of the way 
up. This pipe terminates at the upper end in a suitable fixeil funnel, 
through which the hydrochloric acid is poured into the tank. 'I'lic process 
begins by filling the iiop|)er with barium .sulphide, and then closing the lid. 
The weighed quantity of hydrochloric acid is then ]K)ured in through the 
earthenware funnel, and the stirring apparatus is set to work At the 
same time the slide of the charging-hopper is opened by degree.s until the 
whole of the barium sulirhide powder has run into the tank, whereuijon the 
slide is shut and the hopper refilled with barium sulphide. This operation 
is repeated as long as there is any excess of hydrochloric acid in the tank, 
or, when working on a very large .scale, until the tank is filled as far as 
practicable. In the latter case the quantity of barium chloride produced 
depends naturally on the size of the tank, and must be ascertained by 
experiment. 

The acid may be added all at once or in small portions, as convenient, 
the method of working .and the result being exactly the same in both cases. 
Since the barium chloride solution is to be precipitated with sulphuric acid 
later on, a little excess of hydrochloric acid will not matter, because, as already 



■Jfi^j '&e' precipitafion of the Wane fixe Ts acconljNihied by the production oS 
:ii^rochlorlc acid, which, together with tlie excess, can be used for decom¬ 
posing a fresh quantity of barium sulphide. If, however, the precipitation 
be effected with sulphates, any excess of hydrochloric acid is so much loss, 
because in this case the acid will be removed in washing out the Wane fixe 
and wasted. Hence, when precipitation with sulphates is contemplated it 
will be preferable to work in such a way that a small excess of barium 
sulphide remains in the tank. This can be decomposed in dissolving the 


next charge, urdess allowed to run to waste. 

The decomposition of barium sulphide with hydrochloric acid is not 
complete in the cold, and therefore, to obtain a perfectly neutral solution, 
it will be preferable to secure a more rapid liberation of sulphuretted 
hydrogen l)y blowing steam into the barium chloride solution towards the 
end of the operation. By heating the liquid, the final traces of sulphuretted 
hydrogen will be entirely ex[M‘ne(l, its complete disappearance indicat¬ 
ing that solulion is (‘omplcie oven though a small excess of barium sulphide 
be present. The litjuid must then be left to stand for some lime, so that 
the impurities, ebicily natural mineral admixtures and decomposed barytes, 
surplus coal, ami sulphur ))artly formed in the )>rcceding operation, may 
gradually s<‘ltle down. I’he cl.irified solution of barium cldoride can then 
be drawn off and run into Ibe tank provided for precipitating the permanent 


white. 


It is not advisable to filter the n'hoU liquid uid<‘ss it can be put through a 
-filtering press, since for many reasons this operation cannot be effected with 
the ordinary a])plianeesnt dis| us.d mure (piickly than the impurities will settle 
down of themselves if left in a jHTfect slate of rest. A belter way is 
to filter the remainder of tlu^ licjuitl left in tlie tank after removing the 
cleared solution of barium chloride, and to mix the filtrate with a subsequent 
batch of pure solulion. 

In many works the next operation, the precipitation t)f the barium 
chloride solution with sulpliurie acid or sulphates, is still effeeted in a 
mknner that gives no data for exactly ealenlatitig the yield obtained. The 
precipitating agent is added at random, without being weighed and without 
considering the concentration of the solution or’lhe acids. Apart from the 
fact that such a primitive inetliod of working is not at all businesslike, it 
%WiH never give a uniform product, and the resulting irregularity of structure, 
purity of shade, ha , will inevitably be the cause of many difficulties with the 
purchasers. 'I'liis can be easily avoide<l by* <'alculatiiig the weight exactly. 
Illie Tables given in the y\ppemlix show what weight of solid barium 
Chloride will be formed in the tank, and what quantity uf acid or sulphate 
will be needed for precipitating the same; and in this manner sufficiently 
;^a$t data will be obtained to enable an exact calculation of the finished 
to be made. 'J'his is the more necessary because the low price ot 
jiiab.c fixe leaves only a relatively small profit, and therefore even the smallest 
^a^tiWbtAge must be .seixed. 

For calculation purposes it is first of all necessary to know exactly how 
:AiU<lb space is occupied by the barium chloride solution. If the tank can be 
^ebbaidered as a hollow cylinder, the volume can be ascertained from the 
internal diameter and the height of the column of liquid. On then 
J^^r^ioing the specific gravity of the barium chloride solution by the 

F 
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methods already mentioned, and finding from the Tables the weighty of 
solid salts corresponding to the percentage value of the result, all the 
data needed for an accurate calculation will be obtained. 

Having thus found the real weight of solid barium chloride present, it 
will be easy (by means of the molecular weight and the chemicid equation 
expressing the process of precipitation) to calculate the quantity of sulphuric 
acid or sulphates needed for precipitation. When this has been gone into 
very carefully it will be found, mi carrying it into practical pertormance, 
that theory and practice will he in very close agreement. In working on 
the large scale the precipitation process is performed as follows: 


1. Precipit(tliu7i ivilh Sulphuric Acid 

The precipitation tank, charged with the solution of barium chloride, 
is provkled with wooden stirrers, which, in view of the large quantities 
of acid used, should not have any more metal fittings than absolutely 
necessary in the parts immersed in tlie liquid. 1 lie weighed quantity oi 
sulphuric acid should be diluted to 20" B. in a second smaller tank, 
placed above the precipitating tank, so that the diluted acid can be run 
down into the latter. In dilution the sulphuric acid must be po^red 
carefully into the cold water already in the tank (not vice verm), nlien 
an intimate mixture of the iicid with water has been obtained by thorough 
stirring, the stirring machine in the ))reeipilalion tank is set in motion, 
and the acid is run slowly into the barium chloride solution. Ihe 
white precipitate (iiermanent white) is formed at once, ^^hen the whole 
of the weighed quantity of acid has been run in, a small sample must he 
drawn after some minutes, but without stopping the stirring machine, i his 
sample is filtered through paper in a small glass funnel, and the fiUr«ate is 
tested for any excess of barium chloride or jmre suljihmic acid. For this 
purpose a drop of sulphuric acid is added (by means of a glass rod) to the 
filtrate and if a white precipitate is formed the presence of a considerable 
quantity of free barium chloride is indicated. If only a faint cloudiness is 
observed the stock of barium cliloride may be regarded as almost exhausted. 
If the addition of sulphuric acid produces no change in the filtrate it will 
; be evident that either the precipitation lias been cfiected exactly without 
i any surplus of either barium chloride or sulphuric acid, or else that there is 
^an excess of sulphuric acid. To make sure, a second sample must be taken 
^’••om the precipitating tank (or the filtrate of the first sample should have 
I \»en divided into two equal parts at the outset), filtered as above, and 
.^ted with one drop of a solution of barium chloride. If a strong white 
\ {pitate is formed, too much sulphuric acid has been used, but if there is 
faint turbidity, it will sliow that the proper quantity of acid has beep 
^ exceeded. According as the above tests reveal a surplus of 

hflfiiiP” chloride or of sulpliuric acid, the existing deficit must be corrected : 
■ till® former case by a fresh addition of sulphuric acid, and in the sec^d 
* ^by adding a corresponding quantity of biarium chloride solution. The 
nnanWties to be added will depend on the amount of the precipitates 
Obtained in the examination of the filtrate, and with a little practice can be 
Jed without difficulty. , ^ 

® A^^r correction a new sample must be drawn to ascertain it ail is' In 
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order. It will be evident that the supplementary additions of the one or 
the other inp^edient must be weighed, and the quantities added to the 
total amount of barium chloride or sulphuric acid used. 

Complete precipitation having thus been ensured, the precipitate is 
allowed to subside and the supernatant clear hydrochloric acid drawn off in 
a tank provided for this purpose, which done, the washing of the permanent 
white can he performed.* The washing waters must be renewed so long as 
free hydrochloric acid continues to be revealed by test-paper, i.c., until not 
more than a faint red tinge is iinj^arted to a strip of blue litmus paper dipped 
into the washings. When this neutral point is reached, the precipitate is 
filtered eitlier in baskets, lined with filtering cloth (Fig. 11), and then 
squeezed to the required consistence in a press (Figs. 1.9 and tiO), or else it 
is treated on a filtering press wliich does both these operations at once. 

2. Precipitation ivith Sodium or Magnesium Sulphate 

Tliese precipitating reagents are used in the same manner as described 
above, except that it should be noted that hot precipitation greatly facilitates 
the subsequent washing of the precipitate, which, for reasons already men* 
tioned, here requires a much longer time. In this process the operations begin 
with the preparation of the solution of sulphate, which can be effected in the 
tank used,in the preceding method, for diluting the sulphuric acid. For this 
purpose, if hot precipitation is in question, the tink must, of course, be 
provided with a steam pipe. The weiglied quantity of sulphate is placed in 
the tank, which is then filled about three parts full of water, steam being 
admitted, and the mixture kept stirred until all has been dissolved, where¬ 
upon the temperature is raised to 70'^ or 80° C. Commercial sodium sulphate 
being always more or less contaminated with impurities which separate on. 
dissolving the salt, these solutions must be left a certain time before using, 
until the impurities have settled down. The same applies to the use of 
magnesium sulphate (Epsom salts). The succeeding operations are exactly 
the same as in the method of precipitation with sulphuric acid, and there¬ 
fore need not be repeated. As already mentioned in the beginning of this 
chapter, the resulting by products (sodium chloride or magnesium chloride) 
are almost worthless, and have no injurious effect on the resulting blanc fixe, 
so that no such careful wasliing as is necessary with the sulphuric acid 
process is required here. However, if an absolutely pure product be desired, 
the chlorides in question may be tested for by adding a drop of silver nitrate 
to a small sample that has been drawn from the washing water and acidified 
with nitric acid. In tlic absence of the chlorides no turbidity will be 
apparent in the liquid. 

To obtain the whitest possible product very pure water is re<|iiired, 
especially for dissolving the barium chloride. Experience shows that water 
containing dissolved organic matter or iron lias more or less influence on the 
purity of shade or blanc fixe, 'i he presence of eom{)Ounds of calcium or 
magnesium in the water is of little or no importance, and any disturbing 
effect such impurities might have can be prevented by slightly acidifying 
the barium chloride solution before precipitation. 

• It is evident that only the first runniugn of hydrochloric acid can Iip used for 
disBoiving fresh quantities of barium sulphide, the subsequent washings being useless. 
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Manufacture of Permanent While from Witkerite (BaCO^) 

From a technical standpoint there is little difference between this 
process and that of making artificial barium sulphate from barytes, apart 
from the reduction of the latter into barium sulphide, the apparatus and 
manipulations being the same in both cases. Iljere is, however, a difference, 
inasmuch as the carbon dioxide gas liberated by the raw material witherite 
on dissolving the latter in hydrochloric acid is a less inconvenient product, 
so that the process of manufacture is greatly facilitated. On the other 
hand, the dangers of an atmosphere highly charged with carbon dioxide 
must not be under-estimated. As soon as the barium chloride has been 
formed operations already described for the production of permanent 
white are performed, and furnish the same product as in the former 
method. 

The gas liberated on dissolving witherite in liydrochloric acid is the 
inodorous carbon dioxide instead of tlie sulphuretted hydrogen given off 
from barium sulphide. This circumstance oilers the advantage of enabling 
the dissolving process to be carried on in any well-ventilated work-room, 
which cannot be done when barium suljihide is being treated, since in spite . 
of all precautions the sulphuretted hydrogen cannot be prevented from 
escaping tbrougli the cover of the tank into tlie atmosphere of the room. In 
such event this gas is a source of injury not only to other colours in course of 
manufacture there, Init also to the workmen engaged. Exhausts, however, 
will be very useful iu this respect. 1 o facilitate solution it is advisable to 
use the witherite in a very finely divided state. The operation itself can be 
effected in exactly the same way as with barium sulphide, and therefore need 
not be described in detail. It must, however, he mentioned that the process 
of solution will be greatly facilitated by admitting steam from the outset. 
The muddy residue left in the tank after the saturated solution of barium 
chloride has clarified is often very large, but in all cases is absolutely 
worthless and is thrown away. 

If a very pure witherite is used and a chemically pure blanc fixe is not 
essential, the witherite can be treated direct with diluted sulphuric acid. 
The impurities deposited in such case with the precipitated colour can be 
sufficiently removed by a simple process of levigation. 

Experience shows that the operation is facilitated by adding u small 
quantity of hydrochloric acid to the sulphuric acid. This effect can be 
explained on mechanical grounds, inasmuch as the hydrochloric acid 
dissolves i)art of the witherite, the soluble product being at once conr 
verted into suljjhate by the sulphuric acid, wiiich liberates the hydrochloric 
acid again and enables it to react jjrogressively on fresh portions of the 
witherite. 

Until recently blanc fixe was mostly put on the market in the form of 
a stiff paste containing lo toiiO per cent, of water. It is therefore important 
to maintain a certain standard of moisture content, and to test each batch - 
for this purpose wliile it is still in the press. This test is applied in the 
following simple manner: A sample of .'jO grms. is taken from the paste in 
the press at intervals and dried. When the sample is perfectly dry the 
temperature employed is immaterial; it is weighed again, and the loss in'' 
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multiplied by 2 gives tlie percentage of water in the paste. For 
'instance: 

VV<iiglit in paste form .'jO grins. 

„ w hen dry 42 „ 

I'oss . . H X 2 Id per cent, water. 

It is in this slale of w'et juisle that hlanc fixe finds its most extensive 
application in the manufacture of wall and faiu^y papers. It is less used for 
the purpose of painting in oil, and is rarely so employed in a pure state, 
although it would seem tti he very suitable ibr this purpose on account of 
its absolute permanence, a quality in wliieb many other colours arc lacking, 
Blanc fixe, however, is deficient in <’overiiig power, though the artificial 
product is superior in this respect to natural barytes, lie the latter ground * 
never so fine or so often, A(*cording to Meissner, a hlanc fixe suitable for 
oil paints may I)e obtained by taking the pnaluct formed hy precipitation 
with sulphates (iiol sulphuric acid), calcining it very strongly when dry, then 
quenching it in cold wuter, re-drying, and grinding it to a fine powder. 

So far as oil painting is eoncenieil, blanc fixe is used as an adjunct, either 
for mixing witli white lead, zinc white, making cheap brands of Prussian blue 
and for similar purposes, or as a white base for light shades, for which purpose 
it is especially suitable on account of its pure whiteness and permanence. 

As a ride blanc fixe maile from witherite is of a purer wliile tlian that 
obtained from barium sulpliide. 

The (pialitv of blanc fixe may be tested liy mixing it to a workable 
consistency with a 2 |)er cent, solution of glue, and applying it on strips of 
paper. When dry, these coalings must be pure white, and adhere firmly 
when crumpled under moderate jiressnre. Failure to stand this test indi¬ 
cates insufficient grinding or imperfect wasliing (removal of acid). 

Blanc fixe is easily detected by analysis, owing to its power of resisting 
the usual reagents. Boiling omiccnlrated sulphuric acid has a slight solvent 
action, but barium stdpbali* is re-precipilated from solution on dilntioM with 
water. In mixed colours and as an adjunct, blanc fixe can he detected l>y 
chemical means in the inchuTation residue insoluble in acids. 

Attempts have also been made to make a while jiigment from another 
alkalina eartli allied to barium, namely, strontium. 'J’be raw material in this 
case is the native strontium sulpliate, ca-lestine, wliich is treated in the 
same way as baryti^s. Ibis strontium white is said to be permanent, and 
also to be superior to Idanc fixe in covering power, besides being specifically 
lighter. It has not, liowevcr, found any general apjdieation. 

II.—MANUFACTURE OF ZINC WHITE 

{Flowcfs oj /incy Snow ff /tile, JJIanc de Zinc (tie AVtge), Fleurx de 
Zinc, Zin/eweiss) 

^ Zinc while is zinc oxide, a compound of metallic zinc witli oxygen, having 
the chemical formula ZnO. It is prepared in large quantities from the metal 
ijaclf, as well as dirqctly from ores. Tiie manufacturing process is based on 
^ remarkable property of zinc, namely, that when heated to a temperature 
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higher thaii its melting-point it disengages vapours that burn in presence of 
air— i.c.f undergo oxidation. The product of this combustion is zinc oxide, 
the above-mentioned zinc white of commerce. The zinc oxide being non¬ 
volatile, settles down on the cooler })arts of the apparatus in the shape of 
downy white flakes. This interesting process can be easily observed by the 
following experiment. Finely granulated metallic zinc is mixed with 
charcoal, and the mixture heated in a crucible of graphite or fire-clay. 
At a temperature only slightly exceeding the melting-j>oint of the metal, 
faint white fumes are produced, increasing as tlie temperature rises. Finally, 
owing to the free access of air, the zinc burns with a bright greyish-white 
flame, indicating the actual process of oxidation resulting in tlic aforesaid 
white vapours (zinc fumes), which on condensation form the zinc white of 
commerce, lo make this condensation, and consequently the yield of zinc 
oxide, as complete as possible, the white vapours are collected in special 
chambers, where they cool quickly and settle down as delicate white flakes. 
On a small scale this experiment will succeed best when the crucible is 
covered with a conical top of sheet-metal iji sucli a way that sufficient air is 
admitted freely to the glowing mass in the crucible. On connecting the 
narrow opening at the apex of the cone with another vessel—a sheet-metal 
case, for instance—provided witli a small opening to [)roduce a suitable 
draught, nearly all the resulting zinc white can be collected. 

The manufacture of zinc white is conducted on exactly the same principle, 
except that in tliis case cylindrical retorts arc used instead of the crucible 
to melt the zinc. Moreover, the formation of the zinc oxide proceeds in 
different stages, the first being the conversion of the metal into volatile 
fumes. Tile second stage consists in the burning of these fumes by a super¬ 
heated current of air which meets the zinc fumes at the proper moment. 
The third and last stage is the condensation of the resulting zinc oxide in 
separate chambers maintained at a temperature facilitating the deposition 
of the zinc white. The oxidation in the first and second stages of the 
process is accelerated by the simultaneous admission of carbon monoxide or 
carbon dioxide and atmospheric air into the retorts. A further reason for 
the admission of air from the outside is to ensure the complete combustion of 
the impurities which are generally present in carbon monoxide gas (soot, 
ashes, &c.), and might pass into the zinc white and lessen the purity of the 
colour. 

The retorts used for melting and vajwrising the metallic zinc ere long 
cast-iron or clay cylinders of oval cross-section, closed in front but half-open 
at the rear end. According to the size of the works, 10 to 20 of these retorts 
are built into a reverberatory furnace usually in two rows, one above the 
other, in such a manner that the rear ends of all the retorts discharge into a 
transverse flue. Sometimes two sets of retorts, mounted back to back, are 
arranged in the one furnace. In this flue the zinc vapours issuing from the 
retorts meet a current of air heated to 300^=* C., which converts them into 
zinc oxide, the latter being then conducted into the condensation chambers. 
The supply of carbon monoxide gas to the retorts is furnished by a coke 
oven placed outside the furnace and connected with it by a circular brick 
flue from which iron or earthenware branch pipes conduct the gas through 
the doors of the retorts to the interior. The pipes for the supply of air are.^ 
connected with a main flue communicating with the outside air. and are pte* 
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lerably mounted inside the wider gas pipes, so that in both pipes the draught 
follows the same direction— i.e., in line with the longitudinal axis of the 
retort. The air-current for oxidising the zinc vajmurs can be heated in the 
furnace used for heating the retorts. 

In beginning work the retorts are charged with crude zinc, closed, and 
then raised to white heat. Meanwhile the gas and cold air supply-pipes arc 
put into position, and the joints luted with lire-< lav paste. The formation 
of zinc oxide being in full swing, the separated Hakes of zinc white arc driven 

Kio. 50. 



J, retort. I'\ F, (r, vciitlIntorB for cooling with 

F, furnace. cold air. 

main Hue for ail retorts, or for the 7/, air main loading from the 

supply of hot air. outside into the retort A. 

C\, flue leading the vapours of Jiinc J, carlion monoxide flue leading 

into the cooling-chamber JC. into the retort A. 

D, D. collecting h<>|)pers. A'’, molten zinc. 

jy, cooling or condensing cliaiid>cr. 7/, door between and 77 

out of rfhe hot-air flue by the strong draught and reach a .series of brick 
chanibeis. Hcr<j they settle down in tapering iron hoppers, and gradually 
fall, under the accumulated weight of the muss, into Imgs hung at tlie mouth 
of the hoppers, which bags are emptied from time to tiim^. 

The manufacture of zinc white directly from the ores is carried on in a 
very similar way, so far a.s the oxidation of the zinc vapours and the subse- 
qaent condensation are concerned. The roasted ores arc spread on the hearth 
of a furnace heated with coke or anthracite, and are thus raised to a white 
heat. By means of a system of pipes a current of air is admitted helow’ the 
hearth, and is distribute*! uniformly to all sides so as to cojivcy the escaping 
vapours to the oxidising flue, where tliey are exposed to a very high tem¬ 
perature and arc comph“tcly converted ijilo zinc <»xl(U*. The latter is then 
deposited in the acljoiniiig precipitation chambers. 'I'ije zinc oxide de¬ 
posited nearest the retort contains particles of metallic zinc that, settling 
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down a little farther off, is coarse and heavy, whilst the delicate flaked zfni: / 
oxide is deposited in the rear end of the precipitation chambers. In this wajK 
a kind of fractional separation of the product, according to (piality, is 
obtained. The lightest product is the most valuable. The manufacture of 
xinc oxide is not carried on largely in colour works, being chiefly confined to 
works engaged in the metallurgical treatment of zinc. 

The purity of the various commercial brands of zinc white chiefly depends 
upon the purity of the metallic zinc used, and to a smaller extent on the 
more or less accurate working of the producing apparatus and on the care 
bestowed on the process. Thus it may happen as a result of careless manage¬ 
ment that the impurities introduced in the retorts by the carbon monoxide 
gas are imperfectly consumed, or that the supply of hot air is deficient. In 
the first case, dust and soot get into the precipitating chambers, whilst the 
second circumstance entails an imperfect oxidation of the zinc vapours. In 
either event an inferior grey product results. 

The zinc grey of commerce is a zinc white containing a portion of 
unoxidised metallic zinc. This pro<luct is also used for oil paints. 

Zinc white of a brownish shade, prepared from zinc ores containing 
cadmium, may often contain cadmium, hut as the latter is more valuable, 
it is to the interest of the manufacturer to recover it. This also applies to 
zinc oxide conhiining antimony. 

Zinc white is obtained as a by-product in the recovery of silver from 
silver-lead by the Cordurie process. This process consists in obtaining an 
alloy of silver and zinc, and then passing steam over the hot mass. 'I his 
steam leaves the silver in the metallic slate, whilst zinc oxide is formed 
and is carried off by the current of steam to he condensed in suitable 
chambers. 

According to Germain, roasted zinc ores can be treated by the wet pro¬ 
cess with a hot solution of ammonium chloride, wliicli attacks the metals 
but zinc oxide only. On cooling, a double salt of zinc and ammonium is . 
deposited from the filtered solution, which salt decomposed in boiling water 
throws down zinc oxide as a dense precipitate. 

Zinc white obtained by calcining zinc carbonate has a yellow shade, 
and is inferior to that produced by direct oxidation. Zinc white is non- 
poisonous, and is very fast to air and light. Moreover, it is unaffected 
by corrosive and sulphureous gases, and is therefore specially suitable for 
mixing with other colours, since it does not alter their tone. Zin'C white 
can he used as a water or oil colour, hut the latter dries very slowly. The 
covering power is considerable, hut not so good as white lead.* Pure zinc 
white should not contain more tiian two pm* cent, of moisture. It should 
dissolve in diluted hydrochloric acid to a clear solution without any residue 
—any elferveseence indicating zinc carbonate or some other carbonate, A 
residue insoluble in acid shows adulteration willi l)arytes, china clay, &c., 
and should he analysed. Tiie acid solution, when supersaturated with, 
ammonia and treated with ammonium sulphide, gives a white precipitate of 
zinc sulphide. A dirty white precipitate indicates the presence of Other, 
metals. Tlie filtrate should not leave any residue when evaporated and 
incinerated on platinum foil. 

• According to Wagner, liowcvor, 10 parts of zinc wlute should cover the same' 
surface as 13 parts of white lead. 
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III.--MANUFACTURE OF WHITE LEAD 

(lUciweiu, Crnise, liluiw lie Plomb, Flake If ’hile, Krenu IVliui^'' 

White lend is mie of the most iinporiniit nrtificinl |)i^ineiits innde, 
techoica] application^ especially for paintin^f in varnish, is far more extensive 
than is the case with ai»v other mineral colour. 



AIthou/;h the use of this pi^'inent has been restricted considerably in some 
countries by stringent legislative enactments regulating the use of white lead 
on account of its injurious properties, and einlcavamrs have been made to find 
equivalent harmless substitutes, the manufacture of white lead is still pursued 
on a very large scale. Of tin; innumerable substitutes juoposod for white 
lead, only zinc white and the lithoj)ones (to be described later on) arc used 
to any extent. In many eases, however, these comjauinds arc incapable of 
fully re])laeing the valuabh* properties of w hite lead. 

According to its chemical eomposilifui. white lead is basic lead carbonate 
2 PbCO.,'IM}{()n).„ and therefore must not be ciuifused with the neutral lead 
carbonate, The excellent j)roperties of white lead are probably due 

to its content (rf lead hydroxide, Pb{()l 1)^. since experience show.s that these 
properties increase with the pereentage (d‘ the hydroxide, but dimtnisli 
when the jn-oportion of neutral lead earhonate is increased. 

The artificial manufacture of white lead probably dales from very • 
remote times, and various eircinnstanee.s point to Holland as Ibe earliest seat 
of the industry. It may be assumed with certainty tliat in the course of 
time the manulaeture ofwlnte lead spread iroiri Holland all over Kurope, 
the various ju*oce.sses now in us(‘ having probably been <‘lab()raled through 
the introduction of nujre or less sueeossful improvements and appliances. 
No very keen perception is needed to see in the laler methods of manu¬ 
facturing white lead an endeavour lo shorten as much as possible the pro¬ 
tracted reaction inherent in the Dutch )>rocess, and at the .same time lo 
obtain a whiter ju’oduet. Tins problem seems to hav<‘ been solved most 
successfully by the subsequently intrcxlneed Cierman chamber process, for, 
■whilst the Dutch metluxl gradually became less |»opular, the (lerman 
method ot production continue<l to make headway in Central Kurope, and 
especially in Russia, so that to-day by far the gnsitesl quantity of white lead 
is made by this jirocess. In fact, the primitive Dutch process by no means 
corresponds to modern views in the colour iiidu.stry, and tberefore in the 
following pages the description of this method will bo snnimarised briefly, as 
.being rather out of date. 

In Trance, and in some parts ()f (lermnny as well, the French process of 
making white lead was introduced, and at first seemed to surpass the 
Oerman method in point of speed and the great purity of the [>roduct. It 
was, however, soon discarded, the resulting white lead being of inferior 
covering iwwfr, and yielding jmints of low stability. From this it may be 
assumed that the Frencli |)roccss does not yield a proper white lead, but 
only a product which, chemically speaking, more closely approximates to 
neutral lead carbonate than to basic lead carbonate. The behaviour of the 
former carbonate under the influence of light and air is at least very similar- 
to that of French white lead, and lends favour to the above hyi)othesis. 
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The English method (erroneously termed the American method), though 
claimed to be simple and to yield a product of high covering power, has not 
succeeded in gaining popularity, and is therefore presumably defective, 

n. The Dutch Process 

The chief factor in this process is the form in which the metallic lead is 
used, inasmuch as a very large surface is desirable to facilitate the action 
of the substances decomposing the metallic lead—viz., acetic acid and 
carbonic acid, as well as the oxygen of the air. The most suitable form 
for both the Dutch and (Jerman processes is that of tliin strips made by 
pouring the molten metal into suitable moulds. 

In tlie Dutch process these metallic strips are rolled up sjurally, and 
placed in earthenware pots (glazed inside) in sueh a manner as to avoid 
direct contact of the lead with the vinegar in tlie bottom of the pot during 
the wliole corroding process. 'I'lie pots are tlien covered with lead plates, 
and a large number are buried together in horizontal and vertical rows in 
horse-dung, tan bark, or similar fermenting materials. The process of fer¬ 
mentation through wliieh these materials gradually pass provides sufficient 
heat to evaporate the vinegar in the pots. In this vaporised state, assisted 
by the action ofatmos])heric oxygen, the vinegar converts the metallic lead 
into basic lead acetate Pb(C.II,Sil’b(OH).,, which latter in turn is de¬ 
composed by the carbonic acid (carbon dioxide) produced at the same time 
into lead carbonate and neutral lead acetate. This jrroeess generally takes 
several montiis to complete. 

The first stage in tlie Dutch process is to obtain the lead in a suitable 
form for me; and as this operation is also of iirinie importance in the 
German wliite lead process, it will now be dealt with tlioroughly. 

The most convenient method of melting lead is in strong cast-iron pans 
mounted on projecting flat lugs in a furnace in sucli a maimer that the flames 
can spread freely over at least three-quarters of tlie total heating surface of 
the pans. Lead being a very heavy metal, the pans, which should measure 
only 32 to 36 inches across, must have an extremely strong support, preferably 
by resting the bottom of the pan on three or four brick projections arranged 
in the hearth of the furnace. The pans are built into the furnace in such a 
way that the top surface of the furnace is flush with the upper edge of the 
pan. To protect the brickwork the surface round the pan is covered with 
strong iron plates to lessen the shocks produced by the heavy pigs of lead, 
and liable to loosen the structure. 

When lead is melted for the first time in a new pan the operation pro¬ 
ceeds very slowly, anil generally requires a temperature far exceeding the 
melting-]X)int of the lead. The reason of this peculiarity can be easily 
explained. Lead is sold on the market in the shape of oblong pigs rounded 
off on the top, as being the most convenient form for loading; and when a 
new melting-pan is being filled for the first time with such pigs the points 
of contact with the pan are of small area, so that the transmission of heat is 
retarded, this being aggravated by the open spaces between the pigs them¬ 
selves. Hence the lead melts in small quantities only at the start. So 
soon, however, as the first pig is melted and the bottom of the pan is covered 
with molten metal, the seconiland following pigs will melt much more rapidly. 
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since they dip very deeply into the liquid metal, and therefore the heat is 
transmitted more freely. This simple fact can he utilised in subsequent 
meltings. In casting the lead into strips the pan should never be com¬ 
pletely emptied ; at least enough lead shouUl be retained to sliglitly cover 
the bottom of tlie pan. 

As soon as a sullicient quantity of lead is nn^lled, the lead strips are cast. 
This work should be done as (juickly as j)ossilile, and th(?refore at least two 
workmen are re{juire<l for the operation, one to pour the metal, and a second 
one to hand him the moulds and to remove the iinished, e.c., cooled, slrip.s. 
The poiircr must |)ossess a certain skill and be experituiccd in the work, it 
being absolutely necessary for tlie regular course of the manufacturing pro¬ 
cess that the strips should be of exactly equal Ihichness. Since thin metal 
strips will corrode much (juicker than thicker ones, ilwill ho found on cmj»ty- 
ing the pots that whilst in those containing the thinner lead strips the for¬ 
mation of white lead is complete, those filled with thicker stri})s still con¬ 
tain more or less of uiulccoujmscd mefal, which will then have to be 
remelted. In emptying the pots (or chambers) a cerlain unavoidable quantity 
of undecomposed lead is always found in the finislu^d while lead, and the only 
possible way to diminish this obvious defect of llie process lies in the skill 
and care bestowed on the moulding so as t<» produce strips of uniform thick¬ 
ness. Given a certain amount of practice, an intelligent workman will find 
no difficulty in carrying otit this operation successfully. 

The moulds used for casting are made either of strong sheet-iron or of 
cast-iron, the former being decidedly preferred, as, whilst fully answering the 
purpose, they are lighter and therefore handier. 'True, they get hot 
quicker than the cast-iron one.s, but conversely will cool again sooner than 
the otheis. 

It is a good j)lan to lay several—three to five—moulds on a common base 
plate, so as to produce a shallow frame divided by parallel |Kirtitions into a num¬ 
ber of compartments each 4 to () inches wide. Five or six of these moulds are 
placed on a suitable wooden or iron rack close to the founder, so as to slope 
gently downward and from the founder towards the assistant who has to look 
after the emptying and changing of the moulds. The length of the moulds 
varies considerably in different works; some have a length of 20 to 3() inches 
and more. 'The sliortcr sizes are, of course, more convenient for handling, since 
they not only furnish strips of more uniform thickness, but also lighten the task 
of the workman. In the Dutch process the length of the metal strips depends 
on the size of the pots used, because unless the pots are properly filled the 
output is needlessly reduced. 

When the corroding pots are to be covered with leaden lids, these also 
must be cast at the works. I’he size depends on the diameter of the pots. 
The moulds for casting must be arranged in such a way that the lead plates 
are recessed or sto])pcd on the under side, so that the smaller part fits accu¬ 
rately into tlie neck of the pot, whilst tlie broader top portion of the lid will 
slightly overlap the mouth of the pot. 

Tlie metallic lead used by wliite lead makers contains a quantity of tech¬ 
nical impurities, which will rise to the surface of the liquid mass in the 
melting. Special precautions must therefore be taken to prevent these by- 
producte from entering into the metal strips and thence into the finished 
pigment. This can be prevented in a very simple way by pushing the floating 
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impurities outward from the centre by the aidofaloiig handled iron ladle, anA 
then placing an iron ring about 12 to Hinches iiuliamcter and 2 to'i incheswide 
in the clear space thus obtained. This ring floats on the surface of the lead by 
reason of its own lower specific gravity^ and the founder can without difficulty 
ladle the perfectly pure molten lead from the interior of the ring. A slight 
oxidation of the lead will not affect the quality of the resulting pigment, 
though the contrary is often asserted. Lead oxide is corrodecl by acetic 
acid much more easily than the metal itself, and it is therefore immaterial if 
any parts of the oxidised coating get into the lead strips in the casting pro¬ 
cess, or if the castings film over with such a coating (blue tarnish) in gradu¬ 
ally cooling. In fact, in these circumstances a more intensive reaction in the 
pots may be anticipated. On this account, and not with prejudice, en¬ 
deavours are made in many works to obtain this blue tarnish in casting the 
strip.s. 

It is impossible to give any farther instructions for obtaining uniform 
lead strips by casting, so much depending on the local conditions, and at all 
events on the skill of the workmen. The founder takes an iron ladle, varying 
in size according to the quantity of metal to be cast at a time, and scoops 
out of the kettle a quantity of molten lead, which he pours into all the moulds, 
the second workman meanwhile lifting and lowering the moulds to make the 
metal flow evenly. All moulds having been filled in this manner, and the 
metal completely cooled, the moulds are replaced by another set and the 
operation is repeated. 'Hie moulds are emptied by simply turning them over, ’ 
the lead plates then falling down on the surface underneath. Since the 
moulds soon get very hot, it is advisable to keep a large number at hand, so 
that they can be changed and the work carried on without any delay. They 
should not, however, be changed unless they have become so hot as to be 
difficult to handle or delay the setting of the metal, and thus refcird the work, 
because generally it is an advantage to use moulds heated up to a certain 
degree, the heat assistirig the metal to flow uniformly in all directions. 

The pots used in the Dutch process arc generally of the same shape as 
those used in olden times, though some manufacturers now employ tiiose of 
stoneM’are instead of ordinary clay. This is a great improvement—even 
though the only one made in the process. Clay pots being thinly and badly 
glazed, offer but little resistance to the destructive action of the acetic acid, 
and very soon become useless, the acid trickling through the pores where the 
glaze has been removed. This defect, which in time will stop the reaction 
entirely, is precluded by the use of stoneware pots. The pot lids may also 
’ be advantageously made of the same material (stoneware), and preferably 
. domed, since with this shape the horse-dung covering the pots can be easily 
removed after the process is ended, without any risk of dirt or straw getting 
into the finished pigment. Moreover, this risk is precliubul by the fact that 
in most cases the lids are made to slightly overlap the edges of the pot. 

. The outside shape of the pots will be understood without any further ex* 
planations from Fig. .’>7. 

Inside, at a certain height, which of course must be the same in all the 
pots, are three to four short projecting ledges on the walls, which support 
the spirally rolled strips. 

The only materials used to generate, by their own fermentative de* 
composition, the heat and carbon dioxide necessary for the reaction, are horse-? 
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'^abg and common tan bark, wluchever can tie obtained cheaply and in ibe * 
requisite quantity. In the clioice of these materials no Improvement has 
taken place in the l)iiW?h while lead jiroocss for ages, unless the use of tlvje 
ndiiferent kinds of tan bark, amongst wliicli willow tan bark is the best, can 
be considered as such, .*m'l even this change is confined to works favour¬ 
ably situated for obtaining these nialerials cheaply and in suHicient quantity. 
Ordinary tan bark c;in Ix'st he ol)taincd fr<uii tanneries, and 
it is only s]>ent tan that is suitable for the jnirpose of the 
white lead maker. 

Before deserihing the method of Imrying the corroding- 
pots (sometimes erroneously termed calcination jiols), it will 
be advisable to explain the fundamental principles of putre¬ 
faction. 

In the chemical sense, putrefaction is the gradual atmo¬ 
spheric oxi<lalioii of the constituents of animal or vegetable 
organic suhstances. Tlie final products arc therefore always 
compounds of oxygen, sucli as carbonic acid (carbon dioxide), 
water, &c., and if the subst.-mees contained nitrogen there will also be 
formed ammonia, nitric acid, or their inferior stages of oxidation. 

Every oxidatiim being a kind of comlmslion, the jiulrcfaclioii of the • 
materials used in tiie manuracture of while lead by the Dutch ])roecss must 
also be considcrcil as such, (an tainly there is no appearance of fire, as may 
be noticed in cases of vi()lcnt oxidation, since the ])rogressof this combustion 
is very slow, nevertheless the evolution of heat attending every process of 
oxidation may, in favourable circumstances, be in this c.ase very considerable. 
Combustion, ;is is known, entails a diminution of the originally solid sub¬ 
stance, the escaping oxidation products being mostly gaseous, and the 
substance should therefore be j)rop(>rtionally renewed when IIjc process is 
desifed to be continuous. These eondilions oj)e«-ate in the preparation of 
white lead by the pulrefaclion of horse-dung or Ian hark. 

It is highly im]K)rlant that no interruption of the process of putrefaction 
and of the gcuicralion of heat should be allowed to occur as the result of 
external inriucuiccs. Such interruptions may be caused primarily l)y an 
unfavourable external temperature, and the process of fermentation must 
therefore be carried on in closed rooms, which can be heated in winter time 
if the temperature falls too low. 

Fu/thermore, the process may be retarded when the substances to be 
fermented are <lcficient iit the moisture necessary for starting the process of 
fermentation. This condition is generally the result of the horse-dung or 
tan bark having neeidentaily got too dry before use; and, thougli renewed 
moistening of the materials will restart the fermentation alier some delay, it 
generally soon subsides without having generated suHieient heat and carbonic 
acid to ensure the ])roper forination of basic lead carbonate. 

The apj)linnees for storing the reaction pots during the process of fer¬ 
mentation are culled stacks. They are the same everywhere, being in fact 
so simple as to admit of but slight alteration ; and any variations that may 
actually exist in different countries have been designed to overcome diffi¬ 
culties caused by the j)revailing conditions of temperature. On the other, 
hand, the dimensions and other features of the stacks depend cm the space 
at disposal and the extent of the works. Therefore, in view of all these 



94 COLOUR MANUFACTURE 

circumstances, it is very difficult to express the most advantageous dimensions 
for these stacks in dehnite figures. All that can be said is that for conveni¬ 
ence in the subsequent dismounting of the stacks they should not be made 
so high as to put too heavy a strain on tlie lower row of pots, the weight 6f 
the material being very heavy in all oases. Given a suitable treatment of 
the materials, the height or width of the stacks will not affect the course of 
fermentation. 

In making white lead in stacks, the first point to be taken into considera¬ 
tion in large works is to secure continuity in the filling and emptying of the 
stacks in regular order. At least six to eight stacks are required in order 
that each can be emptied and re-charged within a week. In very large 
manufactories this minimum can be correspondingly increased. 

In a well-established white lead works the various compartments forming 
the separate stacks should be carefully boarded off, each being provided with 
a door opening outward. The number of the stack, the date of charging, 
and quantity of the charge should be inscribed on a tablet outside. 

The work begins with spreading on the bottom a level coating of the 
material used for fermentation, which is then stamj^ed down and tlioroughly 
wetted by watering with an ordinary water-can. Upon tliis coating, which 
should not be too thick in tightly closed rooms, the stack is erected, the 
method pursued, however, differing according as the pots are to be open or 
lidded. In the former case special measures have to be taken to afford 
proper support to the roof sheltering the pots. This is done as follows. 
Another layer of the fermenting material is placed along the wall, up to 
about the height of the reaction pots, the latter being placed one beside the 
other in one row, parallel to the wall, pressing each pot tightly against the 
wall. Next, a IJ-inch board, somewhat broader tlian the height of the 
pots, must be set on edge alongside the pots and pressed fairly tight against 
them. The empty spaces thus left between boards and pots must be 
filled with dung or tan bark. When one row is finislied and the pots are 
packed round with the fermentation material, the necessary quantity of 
vinegar must be poured in, and the coiled lead strips fixed, taking care that the 
latter do not come into direct contact witli the acid. In the same way a 
second and third row, &c., must be laid side by side, with boards between 
the rows, until the whole of the available space is filled. 

The whole surface of the first row of pots must now be covered with J-inch 
boards laid crosswise over, and supported by, the former series. 'Jo prevent 
any impurities getting into the pots through the joints of the covering boards, 
each joint is covered by a third board, and in this way a very tight and per¬ 
fect covering is obtained, resembling, for instance, the construction of wooden 
roofs. 

The covering of the first layer is used to support the second, and so on, 
the operation being performed exactly as described until either the whole 
space is filled or a given number of pots have been stacked. 

The arrangement of lidded pots is somewhat more difficult. In the case 
of open pots, the board covering of each horizontal stratum of pots can be 
walked on in setting the next layer, and so on without any further precau¬ 
tion. Now this cannot be done when the pots are fitted with earthenware 
lids without risk of displacing or breaking the lids, and thus disturbing the 
manufacturing process. In this case as soon as three to four rows have been 
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l&id they must be covered with a layer of dung or tan, and other horiKontal 
layers put in position over them until the stack has been built up to its full 
height. When five to six rows have been put up in this way, a begiiiiiiiig is 
made on the opposite side of the cliamber, setting up the same number of 
rows to the same height. The intermediate space— ie,, facing the door—is 
afterwards filled with pots in the same manner, one above the otlier, working 
backwards until the tloor is reached. 

In method of stacking care must also be taken that the hollow s{>aces 
left between the pots are thoroughly filled with tan or dung. 

Whether pots are open or lidded, it is always highly important to cover 
the top layer with an extra thick stratum of tlie fermentative material, since 
this forms the safest protection against any adverse influence of the external 
temperature. 

The extent to which leakages, due to accident or carelessiu'ss in ]>acking 
the stack with fermentative material, can influence the process of fermenta¬ 
tion is exemplified by the fact that the disengagement of heat is far greater 
in stacks where lidded pots are used than in those where the pots have been 
covered with boards. This difference is due to the hollow spaces invariably 
left between the hoards and pots, especially near the topof the stacks, w'hich 
spaces will be sufficient to retard the process of fermentation or cause it to 
stop altogether. Hence it may be concluded tliat pots provided with lids are 
more suitable than open pots for making w hite lead by the Dutch process. 

The stacks having been built and examined to see that they are free 
from defects, they may be left alone to complete the work of corroding the 
lead. The commencement of the fermentation process will become manifest 
in the course of a few days. In proportion as putrefaction progresses, the 
temperature inside the stacks will rise, and an escape of steam will be 
noticed in places, increasing day by day, and affording an approximate 
indication of the progress of the reaction itself. As this escape of steam 
diminishes, the temperature in the stack sinks, until finally the disappear¬ 
ance of the steam shows that the cooling stage has been reached, whereupon 
it may be assumed tliat no more white lead will be formed. As there is no 
need to wait until the dung or tan cooled down further, the stack can be 
demolished at once. On taking away the fermentation material, none of it 
must be allov/ed to get into the pot. The dung or tan is mixed thoroughly 
with fresh quantities of the same materiials, so that they can be used over 
again^ whilst still warm, in building up new stacks. 

If the fermentation materials have become quite cold and very dry, they 
must be mixed with fresh (juantities, piled on heaps in suitable places, and 
the whole moistened by repeated sprinkling with water and turning. Under 
this treatment they will get warm again in the course of a short time, and 
then only will they be fit for use. 

Instead of tan, dung, and similar substances, C. H. Vickermann, of Phila¬ 
delphia, uses ordinary sumach, the torn dry fibres of stalks and leaves of 
which plant are said to be s|)ecially suited for the Dutch process, owing to 
the larger amount of carbonic acid liberated by this material than from tan, 
dung, &c., while no putrefaction products (sulphuretted hydrogen, &c.) 
capable of injuring the colour of the white lead are formed. 

The pots should be emptied in separate rooms, to prevent contamination 
by the dirt in the stack. For this purpose the |»ots are cleansed of adhering 
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dirt, and placed eighteen and twenty at a time in a box fitted with handlesj-, 
and carried by two men into the emptying room. 

On opening the pots it will be found that the coiled lead strips and the 
circular lead plates used for covering the strips (if such plates have been 
used) are covered with a more or less thick deposit of white lead, whilst 
the vinegar put into the pots at the start has nearly or quite disappeared. 
If the process has been conducted properly, only a very small quantity of 
unchanged metallic lead will he left in the pots. If, however, tlie process 
has been an imperfect one, it is quite possible that considerable quantities 
of the metal will be found unchanged. The same applies to the decrease 
of the vinegar by evaporation, which keeps pace with the reaction. 

Whatever the result of the chemical process, the lead coils must be taken 
out of the pots very carefully, to avoid the crumbling of the extremely hard 
and tenacious coating of white lead, no correction being possible in the 
Dutch process. The lead coils are placed in large rectangular wood boxes, 
whilst any other residual contents of the pots are jmured into tanks provided 
specially for the purpose. 

The next operation, the separation of tlic white lead from the unchanged 
residue of metallic lead, and the further treatment of the former to obtain 
a marketable product, is exactly the same as with the German process, and 
will be thoroughly discussed in the following section. 

b. The German Proces-^ {('.hamber System of Corroding) 

This process—known also as the ‘^chamber process”—can be regarded, 
in the main, as the perfected improvement of a metimd carried on more 
particularly at Klagenfurt, Wolfsberg, Villacli, and other places in Austria, 
to obtain a white lead of an extremely pure white shade. To acquire a 
proper idea of the development of this process, it will first be necessary to 
thoroughly examine the details of the oj)eration as practised at Klagenfurt. 

The Klagenfurt Chamber Process itself may in turn be regarded as a partly 
improved Dutch process. In both cases the formation of white lead takes 
place by the gradual influence of acetic and carbonic acids upon metallic lead 
under similar conditions. However, whilst in the Dutch process the heat 
. necessary to form the white lead is, as already seen, generated by the 
. natural fermentation of organic substances, in the Klagenfurt process the 
evaporation of the vinegar is effected by artificial heat. The carboni<j acid 
is also produced by fermentation, this constituting a point of difference 
betw'een the Klagenfurt process and the (jcrman chamber process, since in 
the latter tlie carbonic acid is artificially prej)ared. Now, in the former 
method no exact regulation of the ])rocess is j)racticable, owing to the special 
arrangement of the workrooms and the nature of the materials selected for 
producing the carbonic acid, whereas the chamber process afi'ords the 
important advantage of control all the way through. 

• In the Klagenfurt process the vinegar is sometimes applied in the same 
way as in the Dutch process, that is, by pouring ready-made vinegar direct 
into the apparatus provided for this purpose and already charged with the 
metallic lead. In other cases the vinegar is made on the premises by fer- 
! menting grape husks, low-grade fruit must, or bad raisins. This method 
furnishes both acetic acid, which is at once vaporised by the artificial beat, 
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and Ur^e volumes of carbonic acid, necessary for tl)e formation of white 
lead. . Both more or less completely effect the gradual corrosion (exactly as. 
in the Dutch process) of the strips of metallic lead, the process taking four 
to six months, according to tl)c capacity of the iiislallation. For this purpose 
the metal strips are suspended on wooden rods so as to he duly exposed on 
all sides to the inHiicnce of vinegar fumes and carbonic acid. 

It follows from this circumstance that the Klagenfurt white lead 
process must be carried on in closed loorns k(‘pt w.arm by special lieating 
appliances on the outside, 'riiese rooms, which arc also called stacks, are 
still generally arranged on the original lines, and only the (Jerman chamber 
process, bascMl on the same principle, has made anv advance and developed 
in accordance with modern views. Hence it will he siiHieleiit to coriHne 
ourselves to the description of a single stack as arranged and used in the 
Klagenfurt jn'oeess of manufacturing white lead. 

Tlie slacks are arranged in pairs, separated by n wide gangway and 
provided with special entrance doors, 'i’liey are erected in stronglv-built 
structures thirty to lhirty-lhre<‘ yards long, which are divided into two 
storeys by a layer of strong beams arranged alxmt half wav up. 'I’he 
upper floor serves for die erection of the stacks, the lower oik* being occupied 
by the heating arrangenienls and the rooms necessary for the other opera¬ 
tions. In the middle of the building is a staircase leading from the loM’er 
to the upper floor, and situated between two solid walls which reaeli from 
the foundation to the roof and form the inside longitudinal boundary of the 
stacks. 'I wo or three r<iws of strong wooden Imxes are placed one beside 
the other inside ibe stack, leaving gangwa\s about live feet wid(^ between 
them. 'J’hc Ixittoms of these lx>xes getierally rest directly upon the flooring 
of the beams aforesaid, 'flic gangways between the boxe.s are boarded with 
strong planks fastened down in the same way as ordinary flooring-boards. 
The gangways are,of course, arranged to afford easy communication between 
themselves and with the {l(xn*. 

llie dimensions ol the boxes wliicli are iiitmidcd to receive vinegar and 
the skins of pressed grapes de])end on those of the stacks themselves, so 
that no exact details can be given. 'J'hey must, however, be as strong as 
possible, and perfectly staunch, to ])revent leakage and loss of acetic acid, 
'ihey must also be provided with very strong lids, fastened in such u way as 
to leave a suflieiently large opening f<»r charging the boxes with the above- 
meniibned materials and for emptying them. Kach box is surrounded on 
three sides with a board partition reaching to the top of the stack, so that 
ekeh chest forms the bottom of a separate chamber, one side of which is 
• left, for the nmst part, oj)eii to the gangway. These chambers are fitted 
vith smooth planed wootlcn racks like drying-racks (see Fig. .S2), on which 
the leaden strips are .suspended. 

Since the racks rest partly on the lids of the boxes and have to bear a very 
considerable weight, it is absolutely necessary, as already mentioned, that 
these racks as well ns tlie lids shouhl be correspondingly strong. The afore¬ 
said opening in the lid—in some works several of these openings are pro¬ 
vided, but without any noticeable advantage—is provided with a properly 
fitting wooden lattice. By lids means the white lead, falling down from 

racks and often collecting in considerable quantities on the top of the 
^ds,i8 prevented from dropping into the boxes. When, as is mostly the case, ■ 
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a mixture of vinegar and spent grape busks is used^ a to 2 inch hold 
must be bored in the bottom of each box and closed by a suitable wooden 
spigot. In emptying the boxes any residual acid liquor is drained off through 
this hole, on withdrawing the spigot, into a vessel underneath. Since the 
mixture contained in tlie boxes lias to be stirred, every chest is provided 
with a stirring device the shaft of which projects through a hole in the side 
of the box far enough to enable the fermenting material to be stirred 
effectually from the gangway. 

Ot late certain improvements liave been made in some of the white lead 
works still manufacturing by the Klagenfurt process, which, as we have 
already seen, is defective in many ways I hese improvements primarily 
relate to the construction of the lid, which is provided witli a single open¬ 
ing, and has the shape of a low pyramid. Around this pyramidal elevation— 
which has, in addition to the lattice-covered opening at the top, a large 
number of lateral holes for the escape of acetic acid and carbonic acid —are 
fixed the frames for the leaden strips. The top of the pyramid can be taken 
off, leaving a larger hole which greatly facilitates the emptying of the boxes. 
Moreover, the special sliape of these lids prevents the accumulation of white 
lead dropping.s, and keeps these from falling into the boxes. 

At one lime very primitive <levices were used for healing the boxes—for 
instance, long and disproportionately broad brickwork flues below the chests, 
and in most cases from a furnace outside the workroom proper. This, of 
course, prevented the regulation of heat in the manner desirable for carrying 
on the process properly, even when the men in charge of the heating were 
able to see from certain indications that tlic temperature was fluctuating. 
At present the best-equipped works are fitted with efficient heating ap¬ 
pliances enabling a constant temperature to be maintained both in the 
lower room and in the stack. Great stress is now laid on the thorough 
heating of the lower room, wdiich must therefore be correspondingly strongly 
built, the heat being conducted through Special flues into the upper room. 
In such case all tlie temperature controlling devices necessary can be easily 
fitted up. 

The strips of lead to be treated by the Klagenfurt process are of some¬ 
what different shape to those in the Dutch process, being not only broader 
but also far thinner. The selection of this shape was based on the assumption 
that the formation of white lead must proceed more rapidly and vigorously 
the thinner the metallic lead coating and the larger the working surface 
exposed to corrosion by the acetic acid and carbonic acid employed. For 
this reason, in making the leaden strips tliey are not cast into moulds, as 
described in connection with the Dutch process, but the molten metal is 
ladled out in short jerks over an oblique polished iron plate, the metal then 
cooling to a coating about the thickness of stiff packing-paper. Made in 
this manner, the thin leaden sheets are naturally very irregular at first, and 
therefore when cold they must be cut with shears into strips of uniform 
length and breadth. The trimmings are returned to the melting-pot. 

The corroding boxes having been filled with vinegar and fermentation 
materials, the strips of lead foil are hung over fairly round thick wooden 
rods, so as to be at equal distances apart and to have both ends hanging down 
the same length. The rods are then put on the racks above the fermentation 
boxes, care being taken to keep them a certain distance apart. When the 



■iifANUFACTGRE OF THE ABTiFlCIAL MINERAL COLOURS W 

s|uces above llic boxes are all filled with the lead strips, each chamber Is 
shut off from the gangway by a loose door fitted with a readily movable 
slide opposite the opening of the box lid. 

When the walls of the closed rooms have been examined for leakages, 
and any faulty places have been repaired, the heating of the boxes may 
proceed. As the temperature rises, the process of forming white lead will 
begin, and thereafter keeps jrace with the regular su|)ply of heat. The 
duration of the process depends on a number of very different circum¬ 
stances, the slow progress of the fermentation process itself being primarily 
responsible for the protracted corrosive reaction. 

'I’o explain the chemical process of the Klagcnfurt white lead method, 
it must be assumed that under the gradual influence of heat the saccharine 
wine tcsiilues in the working chests are subjected to an alcoinlic fermentation 
whereby, in adilition to alcohol, a considerable anioiint of carbon dioxide is 
produced. The alcohol is converted into vinegar by oxidation aiul heat, either 
at the moment of formation or afterwards, thevinegar being partly evaporated. 
Owing to the delay in starting this fermentation process, it is necessary. In 
order to begin the corroding process, to .supply the cliests at the outset with 
a certain quantity of vinegar, which vaporises and acts on the metallic lead, 
thus forming basic lead acetate. Later on, when fermentation begins, car¬ 
bonic .acid is liberated in a sufticient <juautity to convert the basic lead 
acetate into white lead. Since, however, the formation of carbonic acid will 

cease when the sugar content of the feruicntalion materials is exhausted_ 

in which case the formation of white le.ad will also cease Ibr lack of carbonic 
acid-it becomes necessary to renew the fermenting material from time to 
time in order to maijitain an UMinterru|)tcd production of the basic lead 
carbonate. For this purpose the boxes must be partly emptied, and re¬ 
filled with suitalde material as soon as the existing charge has become spent. 
This operation must be repeated as often as necessary until all the lead has 
been completely transformed. 

Formerly the circumstance that the Klagenfurt method furnishes a 
whiter ])ro(luet than the Dutch was ascribed to the superiority of the method 
itself. This supposition is, however, only partly correct, for though it 
cannot he denied that the application of naturally |)ure fermenting materials 
that do not, like dung, produce gases containing sulphuretted hydrogen is 
likely to yield the whitest product, yet the purity of the lead used is the 
chief factor in the operation. ' Now, Austrian lead has long enjoyed a high 
reputation for purity, and it is to this circumstance that the superiority of 
Klagenfurt white lead is due. This is confirmed by the fact that where a 
different kind of lead has to be used the results are often less favourable 
than when Austrian lead is available. 

The successful application of artificial heat in the production of white lead 
indicated the irossibilitv of introducing ready-made vinegar into the chambers 
instead of employing the slow fermentation method, which possibility was 
greatly facilitated bv the invention of the quick vinegar process of SchUtzen- 
Iwich, I’fimd, and others. Later on, the invention of pro(|ucing acetic acid 
by the dry distillation of wood opened up a source of cheap acetic acid in 
nearly unlimited quantities, and paved tlie way for the general introduction 
of the chamber process, which, owing to the application of technical im])rove- 
ments, has now attained to a very high degree of perfection. 
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The German chamber process was first succesSfuHy introduced by IXelety ' 
lit Eisenach, who may be considered its real inventor It has an undoubted 
superiority over the Klavenfurt process in Ihiit, on the one liand, the perfectly 
white basic lead carbonate is produced in a considerably shorter space of 
time, whilst, on the other, a less pure form of lead tlian the aforesaid 
'Austrian metal may Ire used without adversely aifeetinj; the result of the 
process. The most important point, however, is that this process aftbrds a 
reliable means of regulating; the production of the white lead according to 
the needs of the case and the judgment of the operator. 

The buiidingseontaining the white lead chambers are usually in twostoreys, 
though single-storey premises are often used. Accordingto the peculiarities 
of the climate, jnd stiil more so with regard to the difficulty of obtaining 
building materiais, these buildings arc built either of stone or wood, the 
latter being nearly always the case in Russia, for example. In two storey 
buildings tire white lead cliambers are arranged on the upper floor, whilst 
the heatiirg arrangements, the airiraratirs to cast the leaden strips, the pans 
for vaporising the vinegar, arrdthe furnaces for producing the carbonic acid 
are situated otr the gr-outrd floor. 

hr single storey buildings the last-meirtioircd appliances ar-e always 
placed in rooms irr frrnrt of the white lead chanrbers, and have to be 
traversed before reachirrg the latter'. In such cases the workrooms are 
always situated on a lower level than the stacks. 

Irr the chamber process the arrangement of the stacks difl'ers fr'om the 
Klagerrfurt rrretirod, attd is much simjrlcr. The stacks, sever'al of which may be 
combitred in one bttiiding, vary, accor'dirrg to the size of tire wor'ks, from 7-11 
yards in length, yards irr breadth, atrd ar'C at least fi-Si yards high. 

The roofs of the stircks may be flat or ar-ched, the latterslrapc, however, being 
now very seldom seen. Tire wails of the stacks are constarrtly exposed to 
the inflrreirce of hot acetic acid artd steaur, arrd mrrst therefor-e be made of 
or covered with some material capable of succrrssfttlly resistirrg these 
influetrccs. For this purpose a coatirrg of plaster or a cerrrcirt facirrg can be 
applied, though irr course of time both materials will succumb to the afore¬ 
said infltreirces so far as to perish in places, crumble, and fall, thus contami¬ 
nating the white lead: Latterly acid-proof eartlreirware plates have been 
used witir great success for ctrvering the walls, r'oof, and floor of the white 
lead chambers, these tiles beirtg set irr plaster of Paris. Srtch a covering 
will last for an indefinite linte, and make up for the higher first cost by the 
smaller outlay on repairs as compar ed with plaster or cement. 

A strong door of nroderate height leads irrto the chambers from the 
outside, and most be kept shut dtrritrg the process. Instead of a window', 
which is geirerally abserrt in streks, there is a very low opetritrg that can be 
'tightly closed by a shutter. The assumption tlrrrt coirtirrued ex]tostrre to 
light exerts irn urrfavorirable irrfluence on tire fornration of white lead lacks' 
proof, arrd the absence <rf witrdows iit white lead chambers must rather be, 
ascribed to the endeavour to prevent any untrecessary loweritrgof the internal 
temperature. 

The strreks are fitted with similar racks to those used in the Klagenfurt 
process, corrsisting of a large number of upright beams set in rows and 
reaching from the floor to the ceiling. These beams are eonnected by lathi 
arranged in one direction (from the door to the opposite wall) in the .form: 
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of a ladder. The square posts are set about 60-80 inches apart, and th^! 
laths are nailed on aboiit Inches apart. In charging; the stacks with,^ 

lead these laths serve tlie j)urpose of suj)porting round rods al)out ()-7 feet'^ 
lon^ on which the lead strips are hung. The point to be considered in. 
6tting up the racks is how to accounnodale large (|uantUies of lead without ' 
any waste of room, and to see that tlwy are arranged in such a manner that 
by working backwards ojie rack after the otlu^r can be fille<! willi strips withr. 
out difficulty. A small space will he left very ehfse to the door, and from this 
place tlie progress of tlie corroding process can be observed from time to time. 

The acetic acid is supplied to the chambers in the form of vaptmr, pro-' 
duced by healing .strong diluted vinegar in iron or (mure rarely) copper 
pans, the vapour Ixung led through stone Hues or acid-proof earthenware jhpes • 
underneath the chambers and tltenee upward. 

On entering I lie ehaml)ers the vinegar vapour traverses an upright 
earlheuware glazeil cylinder about 18 inches in diameter, situated in the 
middle of the floor and perforated with a number of boles aliout an inch ill 
diameter. 'I'be cylinder lias a domed cover wbieh is also perlbrnted. This 
arrangement dislrilmles the ascending vinegar vapour uniformly through 
the ehamlier in all direidions. it is advisable to comluet the vinegar vapour 
in earthenware pipes throughout, and these can now he obtained cheaply 
of any rt cpiired dimensions. They have the advantage that owing to the 
upward slope of the pipe any eondensed vinegar vapour flows hack into the 
pan, which can scarcely he done when stone flues are used, so that the 
latter are a source of w.iste. 


'Idle arrangement of the ]»ans for vaporising the acetic acid is nearly 
the same in all wliite l<‘ad works. 'I'he cast-iron pans generally used are 
provided with a dome of copper or earthenware, and are built into a furnace,, 
with grate and ash pit, in the usual manner. On the dome is a short 
length of widi' Ix'iil pipe, with which the pipes leading into the eliainbers 
are eonneeted in a suitable manner; a closable opening for pouring in the 
vinegar, if retj-dred, is also provided. 

The carbon dioxide is generated by burning charcoal or coke in 
ordiiiar\ iron stoves, care being taken to ensure jierfeet eomhustion of the 
fuel, siiu't! otherwise the purity of the resulting white lead may he injured 
by the smoke and soot reaching the eliaiiibers. 'I'he most suitable .stoves 
are generally small, charged with fuel at the top, and well arranged to 
securtf a good supply of air. The jiroduet of eomhustion, carbon dioxide, 
is led ofl’in ordinary stove-pipes either directly into tin* dome of the vapor¬ 
ising pan or else to the above described earthenware cylinder, thus allowing 
the carbon dioxide gas to mingle witli the vinegar vapour and pass through 
the opciiing.s of the cylinder into the eliambers. 

Tlie exhaust Hues of the stoves are fitted with an arrangement for cutting 
tiff the supply of carbon dioxide, namely, a close fitting llirottle-valve which', 
.diverts the gas through lateral pipes direct into the open air or into the 
..chimney stack. 

'Jo supply fresh air to the chambers, if necessary, the floor or the lower ’ 
:Mrts of the walls must be provided with openings, fitted with ordinary clay 
drain pipes, pointing downwards, communicating directly with the outside, 
an3 closed on the outer end with a sheet iron lid. 'fhe air draught is regulated 
- M required by suitably raising these lids. 
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The lead strips are made in the way described in dealing with the 
Klagenfurl process, but since a far greater quantity of lead is required, 
the work is. accelerated by using several iron plates, over which the 
liquid metal for nuiking the strips is poured. By dividing the work in this 
way two fairly experieueed workmen will be able to cast a very considerable 
quantity of lead into thin sheets in three or four days, and trim them into a 
suitable shape by cutting. 

The quantity of metallic lead that can be ]>ut into one chamber depends 
on tlie dimensions of the latter. It may be assumed that ii\ a works 
arranged on the usual plan, (i to i 0 tons of lead must be placed in a chamber of 
medium dimensions in order to secure profitai)le results. In very large 
works a single chamber will sometimes hold double the quantity. 

It being essential to the success of the corroding process that there should 
be an uninterrupted circulation of tlie vapours of vinegaras well as of carbon 
dioxide and introduced air, a provision will have to be made for this by 
leaving a sufticiently wide distance between the metal strips. In the same 
way care must be taken that tlie rods over which the lead strips are hung 
are placeil at a sulficient distance apart in all directions to allow of a 
proper circulation and consequently an effective contact of the gas and steam 
with the surface of the metal. Wiien the white lead chamber has been 
fully charged with metallic lead, the door and tlie window openings must be 
shut tight, the lid of the air pipe taken off’, and the vinegar vapour admitted. 
During the first days of tlie jrroeess oidy vinegar vapours and pure air are 
admitted into the white lead chambers, so as to form basic lead acetate, and 
not until it has been ascertained that this compound has been formed in 
sufficient quantity on the surface of the lead strips are the stoves for the 
carbon dioxide set to work. 

Since the formation of a high-grade white lead, i.e., one free from more 
than a small (juantity of neutral lead carbonate depends on the presence at 
this stage of a really basic lead acetate, attention must be concentrated, in 
supervising tl)c chemical process in the corroding chambers, on securing the 
formation of the basic lend compound exclusively. This, however, is a 
matter of extraordinary difficulty if the acetic acid is allowed to act too 
energetically on the metallic lead, especially at a high temperature and 
without a sufficient supply of air. 

For this reason one cannot be too careful iu determining tbe proper 
degree of concentration of the acetic acid to be evaporated. In starting 
the process a stronger vinegar must he used; but in the same proportion as 
the temperature rises in the chambers and the action of the acetic acid on 
the metallic lead becomes more energetic the succeeding additions of 
vinegar must be weaker, to slacken the reaction. Thus if a vinegar of 5-6 
per cent, strength he used at the beginning of the process, vinegar added the 
second day must be diluted five fold, and tliatiised on the third and following 
days with at least an eight-fold or ten-fold quantity of water. 

Before beginning to introduce the carbon dioxide, it is necessary to 
ascertain how far the formation of basic lead acebite has advanced in the 
chambers. For this purpose the chamber must be opened on the third day 
of the vinegar reaction, to examine the surface of the lead strips. If 
distinctly perceptible drops are observed tliereon the carbon dioxide can 
then be admitted, but care must be taken first to reduce the admission of 
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atmospheric air by about one-half. If, however, the drops upon tlie surface 
of the lead strips are so large ns to run together on tlie .sliglitest vibration, 
the supply of air must be shut off altogether for the present, and earhoii 
dioxide introduced at once, though without interruption to tlie supply of 
vinegar vapours. With the admi.ssion of oarl)on ilioxide in the chauibers, 
the formation of white load on the strips of lea<l begins, and the operation 
will now progress so quickly that in the course of a few days all the metal 
strips will be covered with a thin white coat. 

One ot the ehiet rules to be bortie in mind in the nianagcmcnt of the 
white lead process is that tlie atmosphere in the chandler must not he kept 
too dry. Tliij will very ea.sily happen if the .sup|ily of carbon dioxide is not 
in proportion to that of steam and acetic acid vapour, /.c.. is ailmitted in 
excess. Excessive dryness in the chanihcrs can he detected at once by the 
coats on the lead strips no longer cxinhiling a pasty or merely damp feel, 
but forming a hard dry crust, which caii he flaked olf partly in conchoidal 
bits by the linger-nails. This- is a certain sign of excessive dryness in the 
stack, and being inimical to the succ-essrul course of the process, must he 
prevented at all ha/.ards. Ihis is easily done by interrupting the supply of 
carbon dioxide in due time, and for several days introducing fresh air into 
the chamber. By this means the temperature, which has risen too high 
owing to the heat turnished by the gas-producing .stoves, w-ill be gradually 
cooled, and sufficient moisture will soon be formed by the constant influx of 
steam and vinegar vapour. 

rile formation of white lead in a damp state is moreover desirable to 
prevent the dissemin.ation of the highly injurious dust. The absence of 
moisture, as we shall see further on in connection with the Dutch process, 
constitutes a serious tlrawback to that method, 

A I'lirther characteristic, indicating an irregular course of the )>rocess in 
the chambers, is the appearance of granular masses of white lead sometimes 
observed upon the metal strips. As their formation can be more especially 
noticed close to the earthenware cylinder, where the temperatui'e is highest 
and activity of the vinegar and carbon dioxide most iiroiioiinccd, the infer¬ 
ence is that the supply of gas and vapour to the chambers is excessive. 
Therefore in such case the supply of carbon dioxide should be interrupted 
at once and that of the acetic acid diminished, and at the same time I'resh 
air should iie admitted treely. '1 he adinissi'Ui of vinegar vapour may be 
resumed after a time and gradually increased until the normal course of 
the reactio^i in the chambers is restored, whereujion the air pipes should be 
elosed and carbon ilioxide readmitted. The natural course of the white 
lead process in the chambers depends on the preliminary formation of 
basic lead acetate, which is then converted into true white lead by the 
admission of due proportions of carbon dioxide and atmospheric oxygen. 
The neutral lead acetate formed as an important by-product reacts in turn 
on the metallic lead in presence of water vapour and forms new quantities 
of basic lead acetate, which latter is decomposed by carboii dioxide, and so 
on. As this theory is in accordance with the facts, it furnishes a basis for all 
the rules which have to be considered in the management of the chamber 
process, of which we have discussed the most important ones so far as out¬ 
ward manifestations are concerned. This theory of the formation of white 
lead also affords a simple explanation of the various phenomena observed. 
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In the first place, the current and essential practice of introducing at lh4i: 
beginning of reaction vinegar eight or ten times as strong as that used in 
the next stages of the process is very clearly explained. The formation of 
fresh portions of lead acetate through the jirecipitation of the already 
formed basic salt by means of carbon dioxide naturally requires a far smaller 
quantity of vinegar for maintaining the progress of tlie manufacturing 
operations. 

On the other hand, the theory affords a means of properly judging the 
part performed by tlie carbon dioxide and the accompanying heat, as well 
as by theatmospheric.airadmittedfrom the outside. In managing the process 
then these only need be considered when they exist in considerable excess 
in the chambers, in which case the continued formation of basic lead acetate 
is greatly retarded, if not abrogated altogether, on account of the deficiency 
of the necessary moisture, and the whole process will natui-ally come to a 
standstill. This is the more likely to occur because the introduction of 
atmosplieric air in tlie normal course of tlie manufacturing process is prefer¬ 
ably liinit.ed to the quantity which enters the white lead chambers with the 
vaporised vinegar. Probably a very slight excess of heat is sufKcient to 
cause a slackening of tlie chemical process; and the fact that the chambers 
are quite shut in prevents this fault from always being detected in due 
time. 

To make sure that the chemical process is going on projierly it is 
' necessary to enter the chambers I’reiiucntly. This entails the observance of 
•' certain special precautions on account of their very high temperature (up to 
80® C.) and the presence of considerable quantities of carbon dioxide and 
• vinegar vapour. For the purpose of this inspection therefore special pro- 
'• tective clotliing must be w’orn, together with an apparatus for artificial 
breathing; and as the chambers are without windows, it will be advisable to 
: carrya lamp unless the doorway admits enough light. The time required for the 
complete formation of white lead in the chambers varies considerably. When 
the process has pursued a normal course, and remained free from anyconsider- 
,able interruption,a period of six (more rarely seven) weeks will be sufficient for 
- compietiun, whicli will, of course, depend on the dimensions of the chambers 
v, ^and on the more or less jiractieal arrangements for heating. If it be found 
on entering into the chamber, two or three weeks after the beginning of the 
work, tliat those metal strips most exposed to the influence of tlie acetic 
acid and carbon dioxide— i.e, those at the bottom—are already covered 
with a coating of white lead to such an extent that only a small core of 
metal is left, then the furtlier successful progress of the work may 
i- anticipated. This progress will be the more rapid from below upwards, 
since the under portions gradually fall to the bottom and thus afford the 
' gases readier access to the rest. Finally, when the latter are corroded to 
. such an extent that they tear at the slightest touch and fall down, the 
process may be considered as finislied. 'I’he heating shonlil then be 
stopped and the chambers opened, whereupon they will cool down in a 
short Lime. 

On entering the chambers later on, the wliite lead wdl be found mixed 
' witli unchanged portions of metallic lead, mostly in the form of a loose mass,- 
pasty in parts, which is collected with wooden shovels and conveyed to other 
rooms for further treatment. ‘ 



c. Finixking Pmcesscx 

In the state in winch it leaves the corroilinjf plant the white lead, 
no matter whether made hy the Dutch, Kla^eiiiiirt, or (rennan process, 
is not in marketahh* condition, and therefore has to he subjected to several 
finishing operations to imparl to it th<‘ reejnired shape or fineness. 'J'he 
first of these manipulations is for the purpose of separating the metallic lead 
still contained in the erode white lea<!, and transforming the white lead into a 
purer, more homo^^*n< (uis mass. The purpose <jf tin? next operation, which 
is of the ^^reatest importance, especially hn* the recovery of pure while lead 
us a fine powder, is to remove the neutral lead acetaU? hy washinj^. The third 
and last operation is the shaping' (‘•rinding,siriiiii;, ]»ressin^ iiihi small cones, 
&c.) of Ihe washed (or merely levigated) white Ic.al. 

Whereas attempts were formerly imule (»> removt* the white lead (ol>tained 
by the Dulcli process) fiami the unclian;;ed residue of the lead coil by simply 
beating it off with a wood<-n mallet, special machines for lliis purpose are now 
used; for instauet^, Ihosj^ t)f I.elVhre, I l> rn, and others. 'riu*.se enable the 
unhealthy ta-k to he performed much (jnickcr, ami also, hy the use of her¬ 
metically closed vessels, minimise the formation (T dust, which is specially 
injurious to the w<u‘kmen. ’I'lte maclnues used for this ptirposc an; j»enerally 
built on one and the same principle, and consist of two or more fluted iron 
rollers, through which the coils or strips of lead covered with white lead are 
passed. ITe pre.Ssiire of the revolvinjf adjustable roll«‘rs on the white lead 
crust, which is very seldom deposited in a loose or pnivendent form on the 
metai, causes the erml to split off in scaly splinters, which fall into a chest 
underneath, whilst the metal strips h‘ave the apparatus on the other side. 
By reason of the (juiel and uniform motion of tin* rollers tlie formation of 
dust, inevilahle in bt‘atin;r hy hand, is greatly diminislietl, and the dis¬ 
semination of the poisonit»j 5 dust prevented hy ihe use of ti;;htly closed 
api^aratus. 

The looseiK'd while lead was formerly put on the market under llie name 
slate white” without any further finishrnj;; and this (pmlily of while lead 
was considered as p(»ssessin«; specially hi^^h properties with regard to purity, 
whiteness, and eoveriuj; power. In fact, adulteration with barytes or other 
adjuncts which would spoil the shaly fracture of the pure colour was 
out of,the (piestion. 'I'liis alle;;etl superiority of slate while over other 
white lead brands is, liowever, opeji to (jueslioii. 

The white lead obtained by the Dutch and Kla^pcnfurt processes must he 
ground down uniformly with water, unless, as rarely happt ns nowadays, it is 
wanted in the form of “ slate while.” Tonnerly this treatment >vas carried 
on exclusively in wet mills, constructed on the same principle as shown in 
Fig. 43 el xeif, except that the wooden casing was inatl(r considerably lower, 
and the feed opetnng in the upp<*r millstone was provuled with a sheet-iron 
hopper, in large works such wet mills were fixed in a row, and divided 
into sets of three mills, each set having to treat a certain (|uaiitity. The 
"ground material, issuing from the first wet mill, was transferred to the next 
•:on^,andafter having jvisscd Ihrougli it, to the third one, after which it was gene- 
rtlly considered to be sufHciently fine. Later on the wet mills were arranged 
jn steps, one above the other, the material issuing from the top one being 
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delivered direct into the next one below, and from this on to the lowest. At 
present this type of wet mill is very rarely used, these being replaced by cylin¬ 
drical mills, like ball-mills, lined with porcelain plates and provided with balls 
of the same material or round stones. These mills have the great advantage 
of preventing any contact between the white lead and iron fittings, and of 
grinding mucli quicker and finer than the older form. 

White lead made by the German chamber process cannot be separated 
from the metallic lead in the same manner as described above, because tlie 
mass coming from the chanibers is always more or less damp. In this case, 
therefore, the separation must be effected by a kind of levigating process by 
me.ans of pure water, winch can be performed in a variety of simple ways. 
For this purpose use is generally made of a large copper cylinder provided 
with a perforated jacket and a tight-closing fee(l opening through which the 
mass is admitted and tlie residual lead removed after the pigment has been 
washed off. The drum revolves in a watertight tank, provided on one side 
with a water inlet and on the other an outlet, the whole arranged so that at 
least one-third of the jacket surface is always under water. The working of 
this apparatus is very simj>lc and easy to grasp. 1'lie (‘ontinual rotation of 
the drum keeps the mass in constant movement, whilst the uninterrupted 
admission of fresh (juaiitities of water gradually washes off the white lead 
(which adheres only slightly to the lead strips), distributes it in the water, 
and carries it away into tubs either ))laced directly underneath the apparatus 
or connected with it by a suitable gutter. Hy this means rmly the finest 
particles of white lead escape, the coarser parts settling down to the bottom, 
by reason of the high specific gravity of the pigment. When no more white 
lead issues from the drum, the latter is emptied and recharged, whereupon 
the same j)roce(lure is repeated. I’lie coarser white lead in the bottom of 
the apparatus itself must be emptied from time to time, and ground in wet 
or ball mills as fine as possible, in the same manner as the ju'oduct of the 
Dutch or Klagenfurt process. When the re(juired degree of fineness has 
been attained, the pigment is mixed with that in the tubs, and the mixture 
is finally washed with pure water, in the usual manner, until all or most of 
the neutral lead acetate has been removed. The absence of this compound 
can be easily tested, on treating a filtered sample of the washing water 
with diluted sulphuric acid, hy the non-appearance of precipitate beyond a 
slight cloudiness. The washed white lead is pumped into filtering presses or, 
wliere these are not available, filtered in ba-kets, pressed in an ordinary box 
press, dried, and finally ground to a fine powder in a ball-mill fitted with a 
sifter. 

The washing waters, still containing a considerable quantity of neutral lead 
acetate (sugar of lead), are generally treated for the recovery of that substance. 
These washings are run into pits, where the sugar of lead is precipitated with 
a solution of sodium carbonate or ground chalk. The reaction furnishes lead 
carbonate, togetlier with sodium acetate or calcium acetate, both in solution 
and easily seirarable from the precipitated lead salt. According to the degree 
of care taken in collecting tlie washings and keeping tlie reservoirs perfectly 
clean, a more or less pure lead carbonate will be obtained, though it will 
rarely be pure enough to be fit for mixing with a good quality of white 
lead, and is therefore generally used as an adjunct in inferior brands. To make 
cheap brands of white lead (Venetian white, Hamburg-Dutch white lead) the 
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genuine article is mixed with barytes, or more rarely with other materials. 
Of course only an absolute white ami very finely ffround barytes can be used 
for this purpose, otherwise the pure slmtle of the white lead will be affected, 
The barytes can be added either dry or in tlie wet state. 

If the pasty white lead is to be ibrme<l into small cones, it may either have 
been completely waslicd beforehand or still contain a portion of the surplus 
sugar of lead. The washed white load is Generally so hard that there is little 
risk of the cones breaking in })ieces when dry, <‘ven when the white lead is 
mixed witli barytes. The cones, however, are liarderand brighter in pro¬ 
portion to the amount of sugar of lead ))rosenl in the white lead j)asle used. 
The same is the ease with Krems while, wliieh differs from the other only 
in its sliape (square or rectangular tablets, 1 I ^ inehes thick). To increase the 
durability of the coiu's, the damp paste may be mixed with a thin gum or 
flour jmste. 

(I. The French Process {({ffer Thcniml) 

When carbon dioxide is passed into a saturated solution of basic lead 
acetate, Pb(C\li/).,).,.':iPl)(()n).,. two moleeules of luad will be precipitated 
as white lead (basic leail carbonate), whilst neulval lead acetate remains 
in solution. This solution of sugar of lead, on being treated willi litharge 
and wanned, takes up a certain (|uanlily of that body and forms a fresh 
quantity of basic lead acetate. When this is treated with carbon dioxide, 
the first reaction is repeated, wiiite lead and neutral lead acetate being 
formed, which latter can be saturated again witli litharge, and so on. 

This mutual reaction between basic lead acetate and carbon dioxide on 
the one hand and sugar of lead and litharge on the other was made known 
by Thenard in ISOl. Hreehot and Leseuv, and later Hoard, of Cliehy, used 
it for producing white lead in factories, and llieir process, which was first 
carried on in France, is now always known as the “French white lead 
process.” 

Although far more rapid than those already described, and furnishing a 
much whiter product, the French white lead process has not made such 
headway as the (xcrman process, for instance, for reasons already detailed 
in the Introduction. Since basic lea<l acetate is used as the raw material in 
the French wdiitc lead process, we will e(msider this substniiee first. There 
are three ways of producing basic lead acetate viz., by treating («'/) metallic 
lead witji a corresponding quality of pure acetic acid ; (/j) the metallic lead 
may be replaced by litharge, lead oxide; and [<■) an aqueous solution of 
crystallised sugar of lead can be boiled witli litharge until it is completely 
saturated— i.e., converted into the basic coinjiound. 

It is an essential condition for obtaining a pure wliite b.isic lead carbonate 
that a perfectly ])ure vinegar be used for producing tlie basic lead acetate, 
no matter if litharge or metallic lead be employed. It will therefore be 
preferable to employ crystallised sugar of lead from the beginning if it can 
be obtained cheajily, since it is ver) rarely adulterated to any extent. 

To dissolve metallic lead in acetic acid without difficulty or loss of time 
it is first mcessary to convert it into the most suitable condition for dis¬ 
solving. The best form for this purpose is granulated lead produced by 
pouring the molten leail through a flat sieve into cold water. The metallic 
lead thus prepared is treated in the following manner: A wooden tub of 



medium size, 5 ft. high inside and 4-4j ift, in diameter, is fitted at 
10-12 in. above the bottom with a false bottom perforated witli a great / 
number of holes of the size of a pea. On this false bottom the lead granules 
are piled up loosely, so as to allow constant and free interstitial circulation 
of air. Above the true bottom the tub is provided with an outlet ihrougli 
which tlie liquid contents can be run out if required into a collecting tank 
placed directly underneath the tub. In large works the dissolving process : 
is accelerated by surrounding the collecting tank (which must be corre- ! 
spondingly larger) by a number of other tanks of equal size and fitted with ^ 
the false bottom arrangement described. Care must be taken to leave 
enough space between the single tanks to enable the necessary operations 
to be performed without hindrance. Solution will not be properly effected 
unless a sufficient quantity of atmospheric air be admitted, the atmospheric 
oxygen generating heat and oxidising the metal, thus faeilitaling the 
dissolving process. To ensure normal progress of the »)peration this circum¬ 
stance must be very carefully borne in mind, and for this purpose the 
following method is the best: 'I’lie lead granules in the tank are grailually 
suflTused with enough acetic acid to finally cover them entirely. After about 
half an hour, during which lime the liquid lias been left at rest in the tank, 
it is run off completely into the lower ei)llecting tank, in which the oxidation 
ot the remaining metal still moistened with vinegar will mostly begin at 
once. In proportion as oxidation progresses, the attendant evolution of 
Jieat will increase, the resulting progressive disengagement of hot vapours 
being a sure sign that the operation is proceeding successfully. When the 
temperature has reached a maximum—a condition easily ascertained after a. 
little experience—the liquid in the collecting tank is poured over the lead ' 
granules again and left to react for about thirty minutes. Shortly after tlie ' 
liquid has been drawn off’ again a fresh oxidation of the metallic lead takes 
place with great evolution of heat, and at the proper moment the sufl’usion 
with the liquid from the collecting tank must be repeated. The whole . 
operation is continued in the same manner until the solution of lead acetate 
has attained the j)roper concentration, i.e., is completely saturated, and in 
a fit condition to be treated wntb carbon dioxide. The above described 
manner of working will of course be just the same when several tanks - 
are used, but care has to be taken to keep the process continuous. The 
lead in the tank having been dissolved, except for a small remainder, the 
operation is interrupted, the tank emptied, and the lead residue, after being 
washed with cold water, addetl to the next charge of granules. 

Dissolving litharge in vinegar or sugar of lead is a much simpler 
and quicker process, on account of the greater solubility of this com¬ 
pound, and for that rcasoji this material is preferably used for making 
lead acetate in the hrencli while lead process. The difference in price 
between metallic lead and litharge is very small and compensated by thet’ 
saving in wages due to the easy and more rapid course of the dissolving 
process. In this case also the dissolving process is best effected in a sp^icious 
wooden tank provided with a copper or leaden steam pipe, rhe tank must 
be charged with the weighed quantity of vinegar or sugar of lead,* pure, 
water added, and steam turned on. When the dilute vinegar has attained a 
temperature of C., the finely ground litharge is added. Whert^ 

sugar of lead is used, this solution must boil briskly before the litharge 



' otherwise the latter settles down to the bottom and adheres so 

tfirihly as to be very difluMilt of removal. Durinjf tlie process the licpiid 
■ must be kept thorou^hiy stirred. 'I'lic litharj^e must not be added to the 
" boillnj; ]i(|uid all at onee. but ^nadiially a slmvelf'ul at a time, aud with a 
shaking movement, so that all will dlssolvt^ immediately. A sli^rht excess 
df litharife is admissible, and in certain eireumslanccs (piile necessary, but 
the increasing concentration of tlie solution must be carefully tested 
throughout the process with a specific gravity instrument. ‘I'lie j)roccss is 
incomplete so long as the density continues to increase, tlnis indicating that 
the solution is able to take up a further (piantity of litharge. When the 
density reaches a point at which it remains constant, the supply of litharge 
is stopped and the process is considered as finished, since anv further* 
addition of litharge would form basic compoutuls, solutions with a lower 
content of lead, indicated by a reduced density. Should this <K*cur 
acculentally or through carelessne.ss, tlie solution can be easily restored to 
the proper degree of concentration by adding a small (piantity of vitx'gar 
or sugar of lead. The dimensions of the working tank being known, :uul 
the habit, acejuired of working always with the same quantities, a little 
care enables the completion of the reaction to be recognised without 
difficulty. The solution of Imic lead acetate, whether obtained from 
metallic lead or litharge, must be clarified before use in a separate ves.sel, 
..to efiect the deposition of all extraneous subslances. 

In the rreiieh white lead process the pnaluction of carbon dioxide is 
generally carried on in the way described for the Klagenfurt and (lerman 
methods. It is, liowever, essential that the gas admitted into the solution to 
be precipitated sliould be under a certain pressure, n.amely, equal to that due 
to the height of the lead acetate solution, or preferably .somewhat greater. 
This pressure is obtained by aspirating the carlKui dioxide by means of'fans 
which deliver it after purifiealion either into a gas-holder over w;iler or 
else directly into llu* solution of lead acetate under trcatiiumt. l]i the 
former case it will also be delivered under a cerlaiii pressure*, which can bo 
regulated from the gas hol<h‘r through staunch iron jiipes, into the jirecipita- 
tion tank. These pressure devices must always he jmnided, whctlier the 
gas be natural carlvm dioxide (iscaping from the earth (as it does in sonm 
places) or produced by arlifieial means. Nowadays, however, it is more 
convenient to use eomjiressed carbon dioxide, conveyed in cylinders and 
obtainable from clicmical works in a very pure state. Tins oliviales the 
.T necessity for using lln^ afore.said mostly very eonqilicated and lliercforo 
very exj)ensive devices, inasmuch as the gas eylimlers can he eoimeeted 
directly with the precipitation apparatus, the gas pre.ssure in the cylinders 
being high enough to overcome the pressure of tlie column of liquid with 
ease. 

The actual course of tlic preeij)itation process, as perforimd in well 
’i, equipped modern white lead manufactories, is shown in Fig. o8. The M'oodeu 
.."tank fj, provided with a nueliauical stirring machine, serves for the produe- 
. tiorf 9 f the basic solution of lead acetate from litharge and vinegar, or sugar 
of lead and litharge. This operation can he acceU‘rat(*d as desired by intro- 
' ducing direct steam through the pipe U. The finished solution is delivered 
.^through a tap into the clarifying tank K, directly underneath the tank //, 
i^:iiad remains there until all the insoluble materials present have settled down 
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no 

to the bottom. While this is biking place the tank H is recharged with 
litharge and vinegar, to produce in the same way a further solution of basic 



lead acetate. From the tank K, which may be lined with good tinned 
sheet copper, the first prepared and now perfectly clear solution runs into 
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the precipitation vessel proper, a spacious vat F provided with a tight' 
closing lid, the tank itself being made of inch pine. A number of 
narrow pipes pass through the lid of the vat to the inside (in large works 
600-800 of these pipes are used), all coniiectetl with the carbon dioxide 
main 0, and dipping about 1 t-l6 inches into the solution of lead acetate 
contained in the vat. When licjuid carbon dioxide is used, the cylinder 
containing it is screw'ed on to the pipe 0, so that on opening the valves the. 
gas supply can be regulated according to wish. If, however, carbon dioxide 
generated by burning coke be usecl, there must he interposed between 
tlie generating furnace A and the pipe 0 a suction and force pump connected 
with a gas waslier fV, as shown in the sketch. According to the (juantity 
of basic lead acetate or the dimensions of the ])lant, the precipitation and 
depo.sition of the white lead will he complete in 10 I t hours. 

The carbon dioxide only precipitates from the solution of basic lead 
acetate the lead oxide present tlicrein as l)ase, and tlicrefore any excess of 
carbon dioxide is useless as soon as tlie lead is all down. I lence to save expense 
the whole process must he controlled exactly by taking samples from time 
to time. As soon as the liquid in the precipitation tank begins to redden 
blue litmus paper, the precipitating process is nearing completion; and when 
the paper is permanently reddenetl, no further precipitation of lead by the 
carbon dioxide occurs, and the admission of gas should he .stopped. 

Tlie precipitated wljite lead having settled down to the bottom of the 
precipitation tank, the supernatant clear liquid, consisting of neutral lead 
acetate, is run off into the vat li, from which it is returnee! to the vat // by 
the pump P. Here it is converted into basic lead acetate by adding a 
corres|K)nding (juantity of litharge, fhe preeij)itated white lead passes 
through the tap Ii into the tank C, and is then separated by a filter j)ress 
from the still adherent solution of neutral lead acetate which is added to the 
solution already in the tank H. The white lead can be effectually washed 
in the filter press itself, the washing waters being (li.searded as useless. The 
subsequent treatment of the wet white lead after it leaves the filter j)ress is 
exactly the same as in the Klagenfurt or the German process. 

The above-described ])reci|)itating vat may be replaced by a certain 
number of precipitation tanks provitled with tightly-closed lids through 
which the supply of carbon dioxide into the basic solution of lead acetate 
is introduced by means of a pipe. This pipe is mounted in several coils 
close to the bottom of the tank, so that the carbon dioxide issuing through 
a large number of small orifices in the pipe is disseminated through all 
parts of the liquid under treatment. In continuous working, after the 
precipitation of the white lead in tlie first tank has been completed the 
carbon dioxide pipe must be connected with the coil in the second tank 
to carry on the precipitation process there while the precipitate in the first 
vat is having sufficient time to settle down thoroughly. The same method 
is pursued with the contents of the other tanks, so that the work is con¬ 
tinuous. 

Where liquid carbon dioxide is not used, it is essential to the health of 
the workmen that the whole plant should be installed in lofty, well- 
Ventilated rooms. The carbon dioxide produced by burning coal contains 
^nsiderable quantities of poisonous carbon monoxide gas, whicl) takes no 
part in the precipitation of white lead, and will consequently escape into the 
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workroom if the tank be Jeaky, and there produce most injurious efTectsi.^ 
Hence, every precipitation tank must be provided with an outlet pipe leading 
off the carbon monoxide gas into the open air or a chimney stack. 

In a manufactory at Lake Laach natural carbon dioxide issuing from the 
ground is used. It is pumped into the base of a tower about 12 feet high, 
where a strong solution of basic lead acetate is allowed to drip from the 
perforated ceiling. 

If a filter press be available for separating the white lead from the neutral 
lead acetate, this operation may be performed, of course, on large filters, 
as represented in Fig. 10. The liquid passing tlirough the filter is collected 
and worked up into basic lead acetate in the usual manner. 

One hundred parts of lead should furnish about 129 parts of white lead, 
though as a rule the yield will not exceed T26-127 parts. 

l‘he drying of white lead is effected in two stages. First the wet material is 
put into pots which arc laid on shelves in a large drying-room heated to about 

C. This room is well ventilated by the draught of a chimney or by artificial 
means. In winter time the room must be heated, but in summer no art!-' 
ficial heating is usually needed. 'I'he drying process must be performed 
with care in order to prevent any brcakiiig of the loaves of pigment in the 
pots, as would occur if heated too quickly, suddenly, or to excess. After 
some days the loaves are so far dried that they can be turned out by re¬ 
versing the pots on to boards, the unbroken loaves keejung their shape. 
The drying is finished afterwards In another room heated to .50° C. 

The loaves, cakes, &c., that have preserved their shape in drying are 
wrapped in paper at onqe and put on the market in this form, whilst such - 
as are broken must be reduced to powder and sold as such. 

To jjrotect tlic workpeople from lead (lust in handling the pigment, Btising 
has coristructcd a drying channel-stove. In this stove the wet material coming 
from the filter presses is placed on a truck and passed through a flue heated 
to about o()° at the entrance and about 80° at the other end. In passing 
slowly tlirough this flue the white lead becomes dry, and on reaching the 
farther end is discharged into a packing chamber which is hermetically 
closed except for a flue at tlie top. From the trucks the white lead is 
discharged into kegs, where it is rammed tight by a stamping machine. 
All this is effected without exposing the workpeople to injury from any - 
development of dust. 

Where this arrangement is not insbiUed, the dust arising in thd work of: 
packing is drawn off by fans, and the kegs placed on a jigger to facilitate, 
close packing, being also covered with damp clotlis. . 

Max Kouiff of Alfeld has patented a special process for drying white 
lead ((jorm. l^it. No. 187,907), which process, though rather complicated 
and retjuiring a large apparatus, also answers the important pur|)ose of 
keeping the workpeopleout of direct eontact with the dry material. The 
charged cages of the filter press arc conveyed meclianically into suitably ^ 
arranged drying-chambers, and the dried colour is similarly transported 
the storage vessels. 

Apart from the processes already discussed, a number of proposals have’ 
recently been made for accelerating the manufacture of white lend. How 
far these proposals, however, really represent profitable nianufacturihgv 
methods cannot yet be decided, it may, however, be assumed with 
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certainty that nearly all the proposals made for simplifying the nianufacturo 
of white lead give a product which (according to the theory o( tiie ohoniical 
processes involved) ctnisists oidy of neutral lead carbonate, and not of true 
white lead. This circninstance would probably bar the apj)lic’aliou of the. 
methods in question, just as is the ease with the hreneh process. 

That, in view of the manifold applications of white lead, earnest attempts 
have long been ina<le to discover a clieaper and more practical method of 
production is not surprising. Nevertheless, no one has yet succeeded in 
turning out a product equal in all respects to that furnislicd by the Dutch 
process. For this re:>son the most impeirtant of these other processes may 
be dismissed with a few words. 

Lead sulphate, a by-product of tlie Turkey-red process in calico printing, 
has been tried in dilferent ways as a raw material for white lead. Accord¬ 
ing to Pai/cn, it can be treated with ammonium earhoiiate or sodium carbonate, 
whereby lead carbonate and alkali sulphate are formed, boils the 

lead sulphate with soda, carbon dioxide being introduced. Tlie resulting 
products, however, are very unlike the real white lead in composition, not 
being basic compounds at all. 

Patdson treats lead chloride witli magnesium carbonate, and thus obtains 
a product consisting of lead carbonate and lead chloride For decomposing 
the chloride a supplementary treatment with caustic soda is necessary, 
sodium chloride and lead hydroxide being formed, so that in this case a 
basic carbonate is ])roduced. 

According to linmnprx (Germ. Pat. 52,li62), lead suljdiate is heated with 
caustic soda, thus forming basic lead sulphate. This when heated with 
sodium carl)onate furnishes basic carbonate, for instance : 

2PbS(),,ld)(()H), + 2Na,C03 = 2PbC()3in)(OII), + 2Na^S(),. 

Monlgofncrtf of St. Louis has elaborated a process for manufacturing 
white lead, according to which molten lead and water spray arc atomised 
in a closed chamber. The resulting mixture is next put through a mixing 
machine, then treated in a carbonating cylinder and finally ground fine. 

Numerous and interesting experiments have been carried on for the 
electrolytic production of white lead, some of them with such apparent 
success that large plants have been erected to work tliese processes. In 
this case again, however, it has been found impracticable to imilale the 
coinpofiition and the qualities of white lead from the Dutch process'by 
electrolysis, so that these methods have been abandoned. 

White lead has been produced electrolytically both by the indirect and 
direct methods. 

Browne and Chaplin use a solution of .sodium nitrate of 10° Be strength, 
which is electrolysed in a tank divided into two parts by a porous diaj)hragm. 
The positive pole is formed by a block of lead, the negative one by a copper 
plate. The electric current decomposes the sodium nitrate, forming lead 
nitrate at the positive pole and caustic soda at the negative pole. I'lie 
mutual reaction of these two solutions furnishes lead hydroxide and 
sodium nitrate. The lead hydroxide is transformed by sodium carbonate 
into lead carbonate, caustic soda being liberated. The solution of the 
latter is treated with carbon dioxide, forming sodium carbonate for use 
over again. The greater part of the sodium nitrate being regained, the 
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procedure, in which only the lead anode is consumed, is a very cheSji' 
and practical one. 

According to TMU's ptileiil, white lead is obtained direct by electrolysing 
a mixture of sodium nitrate and ammonium carbonate with a Ic.id anode, 
and introducing carbon dioxide during the process. Tlie precipitated 
lead hydroxide is thereby transformed into lead carbonate. 

OdtH electrolyses a 1 per cent, solution of common salt with lead elec¬ 
trodes; the precipitated lead hydroxide takes up carbonic acid from a 
current of tliat gas traversing the bath, and is converted into lead carbonate, 
sodium chloride being rc-formcd. The precipitated lead carbonate is treated 
again with carbonic acid in another vessel. 

The electrolytic process offers the advantage of continuous working and 
an extremely small amount of waste, and it also furnishes in a short time 
large quantities of an extremely fine and ])ure white product. Another 
advantage consists in the lead being used in the same form as it comes irom 
the foundry without having to be remoulded. I'inally, this process effects a 
considerable saving in space, material, and labour. Nevertheless, the grades 
of the white lead obtained by the electrolytic ])roeess are not etpial in 
covering power and brilliancy to that from the Dutch process, and have not 
been able yet to displace this latter. 


c. Properties of White Lead 

According to its chemical comjHisition, white lead consists of basic 
lead carbonate of the formula 2l>bCO,Pb(OH),. The content of lead 
oxide varies in the different brands between 8.‘P7.o and 86’78 per cent, 
the carbon dioxide content between II and l6 per cent., the moisture 
content in the commercial product between 1 and per cent, irom 
causes probably occasioned by the divergent methods of raanulacturing. 
White le.ad has a yellowish white to pure white shade, is tasteless, devoid of 
smell, and has greater covering power than any white pigment at present 
known. It is quite insoluble in water, but in a pure state dissolves easily 
and completely in nitric acid or strong acetic .acid with strong effervesc¬ 
ence, caused l>y the liberation of carbon dioxide. Caustic soda, too, effects 
complete solution. Pure white lead is also .soluble in very dilute or in 
boiling hydrochloric acid, but the solution deposits long acicular crystals, 
consisting of lead chloride, on cooling. Solutions of white lead give black 
lead sulphide with sulphuretted hydrogen or ammonium sulphide; sul¬ 
phuric acid precipitates white lead sulphate; chromic acid throws down 
yellow lead chromate from a neutral solution. 

On heating white lead to about 400° C. the contained carbon dioxide 
volatilises, lead oxide being lelt. 

The percentage of carbon dioxide is determined in the finely-ground 
pigment dried at 10.u° C. with the Kunsen apiraratus. To test the lead 
content, 2 grins, of colour arc dissolved in loO cc. of dilute hydrochloric acid 
at .00° C., a piece of m ight metallic zinc being dipped in the solution. Th« 
lead reduced to metal in this way can be estimated direct by weighing. 

With regard to covering power, the various brands of white lead exhibil 
very considerable diifcrences, according to the method ot production. It 
this respect the French white lead is decidedly inferior to the Germat 
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irtjcle, and still more so in comparison willi the Dutch product. On the ." 
»ther liand, it should be stated that tlie white lead produced accordini^ to 
;he French process is purer aiul of a more brilliant shade than tlie Dutch 
white lead (wliich certainly has greater covering power), which very probably 
irises from tlie fact tliat the in.-iteri.ats used for jiroducing iicat and car¬ 
bonic acid in tlie latter process always disengage certain quantities of 
ailpliuretted hydrogen and aininoniuni suljdiide. As already mentioned, 
;his divergent behaviour ot tlie various brands of wliite lead is jiroiiaiily due 
;o the larger or smaller percentage of lead hydroxide, Pb(Oll),, and it must 
le assumed that the lower density of the French white lead, on which 
iccouiit it will take up more oil than the same volume of the German or 
Duteli product, also depends on this circuiuslance. 

Sometinies white lead exhibits a pinkish tinge, eausod by a slight trace 
if silver. 

The inferior brands of white lead are usually mixed with barytes to 
dieapcn the product; but this admixture cannot be considered an adulte¬ 
ration, Iirovidcd it is not concealcil from the liiiyer. In this case also 
fancy names, such as Venetian or Hamburg white, &c., arc given to the 
article. Nowadays by far the greatest quantity of white lead is sold in a 
chemically pure state. Incase of douiit whether a given sample of white 
lead is pure or adulterated with barytes, a small sample must be dissolved 
in diluted nitric acid. Sliould any residue lie left in the solution alter 
heating, it will lie due to added barytes or some other adjunct insoluble in 
nitric acid. In addition to barytes and lilane fixe the lollowing adjuncts 
are used: lead sulphate, zinc white, china clay, chalk and gvpsum; and 
occasionally a little indigo is adiled to such mixtures to produce a very pure 
white. 

In industrial applications wliite lead is almost exclusively used as an oil 
colour. To obtain a fine white coat of paint, exposure to t1ie influence of, 
sunlight, during and after drying, seems to be of special importance. I'llis 
is proved by the fact that jiaintings done in white lead soon turn yellow, 
even in moderate darkness; but the original milk white sh.ulc will generally 
be restored if the yellow surfaces are exposed for a long time to light. 
Both in a dry slate and as paint wliite lead is quickly turned black by 
sulphuretted hydrogen, lilack lead sulphide licing formed. This disturb¬ 
ing susceptibility of wliite lead to sulphuretted hydrogen gas is tlie chief 
reasoit for the many attempts to find a substitute, all of them, however, 
without success up to the jiresent. White lead that has not been sufficiently 
purified from adhering lead acetate has tlic sometimes troublc.sonic property 
of making jiaint dry very quickly. A paint of tliis kind, containing about 
6 to 7 per cent, of linseed oil, will on being kept get hard and lumpy, 
requiring protracted treatment to make it fit for use again. 

It is very easy to .ascertain wliether white lead contains lead acetate by 
pouring a small quantity—about twenty to thirty grins.—into a porcelain 
basin with water, and heating it carefully over a flame, the whole lieing 
kept stirred. The liberated water vapour will have tlie characteristic 
smell of acetic acid and redden moistened blue litmus paper, owing to tlie 
presence of that acid. The aqueous solution will deposit a white precipitate 
of lead sulphate on the addition of sulphuric acid. 

In spite of its absolute insolubility in water, white lead exerts a highly 
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poisonous influence upon the human organism, on which account, especially 
in former times, when extremely primitive metlioils of manufHCture were 
employed, the w'orkmen suHerec^ continually. Among maladies caused by 
lead the so-called lead colic is of most frequent occurrence. The first 
signs of this illness consist of pains in the abdomen, at first intermittent 
and in diil'erent places, but afterwards gradually localised and increasing in 
violence on account of the acute constipation, which resists all the usujil 
remedies. The attacks are repeated at progressively shorter intervals, and 
are more violent at night than by day. At the same titnc the patient sufl'ers 
from insomnia, great uneasiness, anxiety, convulsive difficulty in breathing, 
Hic. Under suitable treatment and by scrupulous observance of the doctor’s 
orders the colic soon passes away, but returns very easily, unless lead be 
shunned ; and each successive attack is more difficult to cure. I’he sufferer 
being removed from the further influence of lead, the treatment consists in 
prescribing fatty and mucilaginous food, and beverages, espeeially milk. 
Acid food, particularly such as are prepared with vinegar, nmst be most care¬ 
fully avoided. 

'I’lie invalid must practise scrupulous personal cleanliness, bathing 
frequently, change the underclothing often, and be warmly clad. In 
specially difficult cases he must stay in bed for a longtime. As an internal 
remedy opiates are given to lessen the pains; purgatives such as warm castor 
oil, calomel, jalap, senna leaves; and antidotes of lead, especially the 
various sulphur remedies. The external remedies for lead colic include 
more particularly oily and stimulating clysters, and sometimes a warm ])oul- 
tice on the body. Hy providing the workpeople with large quantities of 
warm milk at regular intervals during working hours and by frequently 
putting them to other tasks in rooms free from lead, the risk of an attack of 
lead colic can be considerably reduced, or, as is often tlie case in well- 
equipped works, avoided altogether. 

In view of tlie danger of lead ])igment to the human organism, some 
Governments have issued strict regulations* coneerning the installation and 
management of factories for producing lead pigments and other products of 
that metal. These regulations are primarily concerned with the installation 
and arrangements of the work-rooms, female labcjur being prohibited except 
under certain conditions, and the employment of young persons entirely. 
The workpeople seeking employment must produce a medical certificate 
stating that they are neither weak nor suffering from complaints of the 
lungs, kidneys, or stomach, nor alcoholism. I he workpeople must be 
thoroughly instructed on the danger of tlie work, and, in Germany for 
instance, must not be employed for more than eight hours a day. When 
working where lead dust is given off, the men have to be provided with caps, 
over-alls, respirators, &c., to be supjilied by the master; and when working 
with solutions, the hands must be greased or gloved. The employer must 
have the state of the workers’ health looked after by a physician. Workers 
who are ill or believed to be ill must not be kept at work. The number of 
hands, changes in the staff, and cases of illness have to be recorded in a 
book. Careful and minute instruction must be given to the hands about the 
danger and the available remedies, and these regulations must be strictly 
enforced. 

* In Germany by tho law of May 26, iy03 —Translator. 
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f. Other White Lead Pigments 

Besides tlic busic carbonate ccrtaii\ other wliite compounds of lead are 
used as pigments, though only to a small extent. Nevertheless, they will 
now be brieHy mentioned here. 

Paitimons White Lead or f.ead 0,ri/-Chli)ndc, PbCl^PbO, is made by pre¬ 
cipitating a liot concentrated solution of lead chloride with a similar con¬ 
centrated solution of caustic lime. The precipitation must be effected very 
quickly. The tw'o solutions arc nllowe(! to run out simultaneously from 
pipes with lateral perforations, so as to mingle immediately and react, the 
compound thus formed falling into a collecting tank charged with a constant 
excess of lead chloride. In this tank the new compound settles down as a 
white powder. 'I'he supernatant liquor contains calcium chloride and the 
surplus quantities of lead chloride, the lead of which is precipitated as 
hydroxide on the solution being rendered alkaline by a further addition of 
caustic lime. 

According to Pattinson, the native lead sulphide, PbS, used for producing 
this colour, is ground fine and boiled with Iiydrocliloric acid. 'I’he sul¬ 
phuretted hydrogen formed by this ])rocess is utilised simultaneously in the 
manufacture of sulphuric acid. The resulting crystallised lead chloride is 
dissolved in hot water after washing. 


g. f^ead Sn/ph(de. Non-jmsonons White Lead. M'lihlhansen While 

This colour is of dazzling whiteness, but has less covering power than the 
basic carbonate on account of its more crystalline nature. It is made by 
precipitating a soluble lead salt (acetate, nitrate in dilute solution) with 
dilute sulphuric acid, the dilute acetic acid obtained in the .supernatant liquor 
being used over again for dissolving metallic lead. Lead sulphate is less 
used alone than for mixing with and shading other pigments. It is insoluble 
in water, and only very slightly soluble in acids. 

Carle.n and Marioft grind litharge with one-fourth its own weight of 
common salt, and treat tlie mixture with sulpliurie acid. Owing to the 
small importance of this pigment, there is no need to mention oilier more 
complicated methods of preparation employed. 

L^ad sulphate is obtained in large quantities as a l)y-]>roduct in the 
manufacture of aluminium acetate from lead acetate and alum,or aluminium 
sulphate, and in calico printing works. 

Neutral lead carbonate is put on the market as silver white ; it is obtained 
by prccipitiiting lead acetate with sodium carbonate. 

Freeinans Non-poisonons White Lead is a mixture of lead sulphate, zinc 
white, magnesium carbonate, and artificial barytes. 

Sublimed White Lead (Bartlett Lead) is obtained by roasting a mineral 
containing zinc sulphate and galena—lead oxide and leatl sulphate being' 
formed. The fumes containing these products and zinc oxide are collected 
in chambers provided for the purpose. The product obtained in this 
manner has to be subjected to somewhat complex treatment. The com¬ 
position of the product is irregular; the shade is not pure, being a dirty 
grey tint. The covering power, however, is very high. 



An apparatus for manufacturing white lead, representing a special Improve^ 
ment of the precipitating vessel, in which the finished product is separated 
from the liquid, has been patented by Corhett (Germ. Pat. No. 151,301). 


IV. MANUFACTURE OF LITFOFONE 

(Charlton Winter Enamel White. Orrs White. GntfUh's or Knisht's Patent 
Zinc White) 

The white pigment recently introduced into commerce under the name 
lithopone ” is a mixture of artificial barytes and zinc sulpliide, and is 
claimed not only to replace the white lead hitherto used in all respects, but 
also to be superior thereto. Even though the expectations of many manu¬ 
facturers in this p.articular have not been fulfilled by a long way, it cannot 
be denied tliat lithopone now enjoys a far more extended application than 
its o[)ponents at first anticipated. 

The first obvious difference between white lead and lithopone is the 
pure white shade of the latter, closely resembling zinc white Besides, it 
is specifically much ligliter, and above all less dangerous to health than 
white lead. The most useful property of lithopone, especially for use as a 
constituent of paint, is that it is entirely unaffected by sulphuretted hydrogen. 
If made in the proper manner, its covering power, even if not greater (as is 
often asserted) than that of French white lead, will be very little inferior 
thereto. It does not, however, equal that of the German or Dutch whice lead. 

For producing lithopone, very finely ground barium sulphate (heavy spar, 
barytes, BaSOJ,as free from impurities as possible, is reduced in retort furnaces 
with coal to barium sulphide (BaS). 'J'he calcined product is treated with 
water, the iiarium sulphide being dissolved ; and this solution is precipitated 
with a solution of zinc sulphate (ZnSO^), the precipitate being washed, 
pressed, and dried. The dry mixture is afterwards calcined at a cherry- 
red heat, air being excluded, then granulated in water, ground in wet 
mil s, and finally dried. In this state it is ground again in Excelsior mills, 
and is then ready for sale, being packed in kegs bolding one to two cwts. 

The barium sulphide obtained by the foregoing calcination process forms 
the raw material for the manufacture of nearly all the barium preparations 
already dealt with thoroughly in describing the manufacture of blanc fixe. 
The reduction process is explained by the following equation : 

BaSO, + 4C = BaS + 4 CO 

barytes Coal barium sulpliide Carbon monoxide gas. 

The precipitation of barium sulphide with zinc sulphate proceeds in 
accordance with the equation: 

BaS + ZnSO^ =* BaSO^ + ZnS 

/.ine i^ulplmte J.ithopoiic. 

According to the recommendations of other manufacturers, tlie same 
result will be obtained by precipitating the barium sulphide solution with a 
solution of zinc chloride, zinc sulphide being precipitated and barium chloride 
left in solution. The latter is separated from tlie zinc sulphide and pre* 
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cipitated with zinc sulphate/thus fonninj^ binnc fixe and zinc chloride apiain^ 
whicl) latter can be used to precipitate barium sulphide once more. These 
transformations are explained by the following ccpialions: 

1. BaS + /iiCL, - ZnS + liaCL 

Barimu suliiindo Ziite chloride Zinc Hul|diido Barium i hloridc; 

2. BaClj + ZnSO, — BaSO, + ZnCI^ 

Barium eliloridc Zinc sulphate Blanc tixo Zinc cliloridc. 

The advantage of thisnietliod of precipitation is saitl to consist in furnish¬ 
ing the ingredients of lilhoponc separately, so that they can he nnxed in 
any proportion to produce different grades of litimpone, whilst according to 
the first method the composition of the mixfure is invariable. 'I'his method, 
however, lias certain disadvantages, among them being the gradual accu¬ 
mulation of a (pmntity of more and more diluted zinc chloride solution, 
which is a source of considerable trouble. The manufacture of lilhoponc is 
divided in the following stages: 

(1) Tlic reduction of bar\tcs (to obtain barium sulphide). 

(2) The preparation of zinc sul})hate. 

(.‘f) The precipitation of bthopone in a wet way. 

(4) The calcination and finishing of the mixture of artificial barytes 
and zinc sulphide. 


(1) The. redudim of Ih haiylex 

with coal has already been discussed in connection with the manufacUirc of 
barium sulphate (blane fixe), and can therefore be omitted here. 


(2) rrepandion of Zinc Sulphate 

■ The zinc sulphate is jn'cferably made on the ])remises by dissolving 
metallic zinc (zinc ])late scr-ips) wllli dilule sulphuric acid. On acx’omit 
of the large volumes of hydrogen lil)erateil in this operation, the ajiparatus 
must be jdaced in high, airy n.oms, to allow the gas to escape un¬ 
hindered. It must also be remembered that danger may arise from 
poisoinnis arseniiiretted hydrogen when certain kinds of zinc dross and 
crude suljilmrie acid (ehamher acid) are used. In .such eases, therefore, 
the ventilating apjiliaiiees must be arranged with great care. 'I'hc apparatus 
must also bo arranged in .sueh a manner as to prevent the accumulation 
of large quantities of Iiydrogen under pressure. Spacious oak tanks, 
provided with water and steam supply-pipes, are generally used. Directly 
above tliese tanks are placed earthenware, cast-iron, or leaden vessels, 
containing coneentraled sulphuric acid, and fitted with valves in .such 
a way that the flow of acid can be easily regulated. Three parts of 
metallic zinc require 4\‘f-4 a jmts of sulphuric acid B.). The tanks 
are charged with a suitable weighed quantity of zinc scraps, a corresponding 
quantity of sulphuric acid being placed in the acid vessels. The tanks are 
next fided with cold water, the amount required being five times the weight 
of the zinc, which done, three-fourths of the necessary quantif y of sulphuric 



no COLOUR manufacture 

ac'd is run in very slowly as a thin stream. In mixin" the acid and water 
a considerable increase of temperature takes place, and tlie metal dissolves 
with brisk liberation of liydrogen. Excessive disengagement of this gas 
must be moderated by the occasional addition of cold water, which will 
check any overflowing of tlie strongly I'oaming mass, 'I'lie liberation of 
hydrogen having diminished, the rest of the sulphuric acid may be added, 
steam being carefully introduced. 

After twenty-four hours the formation of liydrogeif gas will generally 
have ceased, and a portion of the resulting zinc sulphate will be visible in 
the form of crystals. When the zinc has been very impure, a good deal 
of sludge will usually be formed. In such case no residue of metallic zinc 
will be ff»nnd, the extra weight of the impurities in the charge having dis¬ 
turbed the relative proportions of the acid and metal from the outset. A 
large quantity of cold water must then be added, followed by a suitable 
quantity of zinc scraps (not too much), and the whole boiled by turning on 
the steam until hydrogen gas ceases to come off. When a strij) of blue 
litmus paper dipped into the liquid is no longer reddened, the boiling can 
be intev'-upted and the dissolving process considered as finished. 'I'he bulk 
of tlie impurities having been allowed to settle down to the bottom, the 
zinc solution is run off into the clarifying tank below the dissolving tank, and 
the residue in the latter is waslied once with hot water. 'J’he washings, 
which contain a considerable quantity of zinc sulphate, are added to the 
liquid in the clarifying tank, whilst the zinc left undissolved is added to the 
next charge. 

One of the chief conditions essential to the production of a faultless 
llthopone is that the zinc sulphate must be ))erfectly free from iron, 
since otherwise the resulting zinc sulphide w'ould have a dirty appearance 
due to sulphides of iron, copper, &c. Since any iron present in a hot 
neutral solution will always be in the state of protoxide—the oxide 
being precipitated as a basic ferric salt — zinc sulphate must be 
treated with an oxidising agent before precipitating the iron. For this 
purpose bleaching-powder may be used, or (which is much cheaper) a 
thin cream of lime, milk of Ihne made from fresh-burned lime. This must 
be added until a Altered sample of the zinc sulphate solution gives a pure 
white precipitate when tested with lime, and not a brown deposit as before. 
When sufficient lime or bleaching-powder has been added, the solution is 
boiled up again by turning on the steam, the precipitate being theii left to 
settle riown thoroughly. The deposit consists of metallic residue from the 
zinc (lead, coj>per, See.), ferric oxide, zinc oxide, zinc hydroxide, and gypsum. 
The best method of precipitating the metals contaminating the zinc 
sulphate is by putting long jmlished strips of zinc into the solution. This 
also gives the advantage that fresh zinc sulphate is formed by the mutual 
displacement of the metals in place of the decomposed sulphate of iron (or 
copper), so that there is naturally an increase of sulphate, and not, as in the 
linje process, a loss (in the form of gypsum). 

When the solution of zinc sulphate is quite pure, its exact content of 
solid zinc sulphate must be determined before use, even if only to enable 
accurate calculations to be made. Tins can be done, for instance, by means 
of the hydrometer, as already described in the Introduction. 

Roasted pyrites, too, containing zinc may also be used iu the manufacture} 
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of Elnc sulphate. These ores, after having* been treated to expel about 
30 per cent, of sulphur, still contain aluHit 6 -12 per cent, of zinc. vSome 
Hthopone makers treat siieli ores l>y mixing eruHhed ore with common salt 
and roasting in reverberatory furnaces. Tlie zinc is converted into zinc 
chloride, sodium sulphate being also formed along with a certain amount of 
chlorides of iron and manganese. 'I’he solution obtained from the roasted 
material is but slightly contaminated. 

The chief centre of the manufacture of zinc sulphate is the T.ower 
Hartz district, where zinciferous lead ores form tlie raw' material. Since 
the development of the Hthopone industry this branch has made considerable 
progress. 

(3) The Manufacture of Lit/iopone hi/ the Wet Method 

The precipitation of the solution of barium sulphide with zinc sulphate is 
usually performed in very large tanks. The barium .sulphide from the calcina¬ 
tion process is washed as already described in connection with the produelion 
of blane fixe, and therefore the process and apparatus need no further mention 
here. The precipitation tanks for lithopone must he provided with suitable 
stirring appliances, since very large (juantilies have usually to be treated, and 
it will be advantageous, especially in large works, to erect several tanks 
in the one room, in order to accelerate precipitation, 'fhe jn'oeess begins by 
pumping a certain (piantity of barium siiljdiide solution (not exceeding about 
.5-8ths of the capacity of the tank) out of the clarifying tank into the precipi¬ 
tation tank, and th**n .setting the stirring machine in motion. The solution of 
zinc sulphate is added until the transformation into barium sulphate and 
zinc sulphide is com})lctc. 'Jo test for tin* presence of any exee.ss of zinc 
sulphate or barium sulphide in the yellowish white liquid, a few drops are 
taken out, after protracted stirring, with a glass rod, and absorbeil by white 
filter paper. 'I’he cleaned rod is dipped in a dilute solution of ferric 
chloride, and then applie<l to the edge of the drop on the filter paper. If 
the point of contact shows a black .stain of iron sulphide, an excess of barium 
sulphate is present; but if the urine-yellow colour of the ferric chloride 
remains unaltered, the jirecipitation is complete, or at any rale zinc 
sulphate is in excess. In the latter event the suljduuic acid must be tested 
for with barium chloride. Tor this purpose a small quantity of ll^e ])re- 
cipitale is filtered otf‘ clear, and treated with a few drops of barium 
chloride. ’I’he formation of a dense precipitate of barium sulphate indicates 
a considerable surplus of zinc sulphate. If only a faint turbidity is pro¬ 
duced, the excess of zinc sulphate is very small, and the operation may be 
considered as finished. 

If, however, the ferric chloride test revealed an excess of barium sulphide, 
a further quantity of zinc sulphate must be run into the precipitation tank, 
and the test repeated at short intervals until the yellow colour of the ferric 
chloride on tlie filtering paper remains unchanged. Tlie above test with 
barium chloride is then applied. A sliglit excess of zinc sulphate is 
absolutely necessary, and on reaching this stage the white precipitate 
(now of a reddish tinge) is pumped, without interrupting tlie stirring 
machine, on to the filter presses, and washed with warm water until the 
washings no longer give a precipitate with barium chloride; or the stirring 
macldne is also stojipcd to allow the precipitate to settle down in the 
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tank itself. In this case the washing of the precipitated lithopone must he 
effected in the usual manner by repeatedly filling the tank with pure warm 
water until the washings no longer exhibit the sulpiniric aciil reaction. 
After filtering and pressing, the mass is cut in small [lieccs and dried on 
boards in heated drying ovens at a temperature of 48-50° C. In the dry 
state the lithopone forms a dull white, very hard body, which must be 
calcined before it can be considered ready for sale. , 


(4) Calcining the Mixture of Barium Sulphate and Zinc Sulphide 

The crude raw lithopone is calcined in hermetically' closed retorts. For this 
operation the furnaces used for the reduction of barytes in the manufacture of 
barium sulphide can be employed. Each retort is provided at the top with 
a sliding fire-lirick plate for closing the gas outlet. The finely divided 
mixture is fed into the red-hot retort by means of long, trough-shaped 
shovels provided with short handles, and is spread to a uniform depth of 
about 3-4 inches. In ten minutes or fifteen minutes at the outside the 
mixture should have attained a cherry-red heat, and this moment having 
arrived, the glowing mass must be taken out of the retort with iron rakes 
and thrown into iron tanks filled aliout halt lull ot cold pure water. The, 
sudden cooling of the lithopone completely changes the structure. The 
pigment becomes softer and acquires greater covering power, whilst its 
apiiearance is quite unlike the white of tlie finished lithopone. 1 his appear¬ 
ance is not restored until the cooled mass has lieen thoroughly ground in a wet 
mill. The grinding process is very troublesome, and takes at least 12-1.5, 
sometimes even 24, hours, 4 he more thorough the grinding, the better 
the appearance of the dry lithopone, and therefore the operation must be 
very carefully performed. After the wet grinding the lithopone is filtered 
in filter presses or baskets, pressed, and dried in jiartly darkened rooms. 

The subsequent dry grinding can be elTected by ordinary mill-stones, or 
in any other kind of mill (c.g.. Excelsior mills). 

Thoinih lithopone is entirely unacted on by gases containing sulphur, 
it is to some extent sensitive to the influeiicc of light, coatings ol lithopone 
paint being found to darken and turn grey after exposure to daylight. 
This change has now been traced to the jiresence of small quantities of 
chlorine in the product. To obtain products ijuite free from chlorine, the 
process p.atented liy the Chemischc Fahrih Marienhidte proposes to free the 
crude zinc sulpliate from iron and manganese by heating it with a perman¬ 
ganate and an alkali, the solution being then treated with zinc powder 
and copper sulphate, and dealt with in the usual way. ■ 

X. Fischer eli'ects the same purpose in a similar way. The crude solution 
of zinc is treated with oxidising agents: sodium, ])otassiiim, calcium, &c.,. 
manganate or periiianganate. 1 he filtrate is treated with zinc dust, filtered 
again, and preeipilated with barium .sulphide solution. 

This product, however, will not agree in chemical composition with the 
lithopone made in the ordinary way. but constitutes a mixture the relative 
proportions of whose comp aieiits may rtiictuate considerably. Practical 
experience has shown that the proportion of zinc sulphide is the most 
important factor in determining the covering power ot the product, and> 
therefore forms the chief criterion of the value of lithopone. In order to. 
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establish a trade standard in this respect, the manufacturers of lithopone 
have formed an association and classified lithopone into distinct brands' 
accordinpf to the content of zinc sulphide. Thus in Germany the following 
brands are marketed : 


Green seal, with tV.i per <’ent. and more ZriS 
Jted seal „ .SO „ ZnS 

White seal „ iifi „ „ 

Blue seal „ 2‘2 „ ,, 

Yellow seal „ 1.5 „ „ 


With regard to the content of ZnS a margin of 1 per cent, is always allowed. 
By working according to the formula corresponding to the fundamental 
equation; 

ZnSOj + BaS = ZnS + BaSO^ 


a product will be obtained with SfM- per cent. ZnS, t.c., the red seal brand. 
Lower (jnalities, that is to say, containing more Ba.SO,. arc ]>roducc(l by 
using sodium sulphate, soluble sodium sulphide being frmned from the 
extra quantity of BaS employed. For instance, the white seal l)ra!ul will be 
obtained from the formula: 


.5ZnSO, + Na^SO, 4- f)BaS = .5ZnS + 6BaS(), + Na,S. 

In view of the low cost of the most finely ground ami pure white barytes, it 
is unprofitable—at least in Germany—to produce the grades richer in BaSO^ 
by the wet method, since the sodium sulphate is more expensive than the 
barytes. In such case, therefore, recourse must be had to mechanical 
mixing by adding to the normal lithopone corresponding quantities of 
very finely ground barytes, mixing them together in suitable stirring and 
grinding machines. 'J'his not only saves the expensive raw material, but 
also obviates the work of treating the mother liquors as well as the loss of 
time and work involved in washing and drying. The brands containing 
higher percentages of zinc sulphide will exclusively be produced by the wet 
method, green seal, for instance, according to the fonnulte: 

(а) BaS + Na,S + = o/nS + BaSO, + Xa.,S(\, 

(б) ZnSO, + ZnCl, + 2BaS - 2ZiiS + BaSO, -i- BaCl,. 

The analysis* of lithopone has been dealt with recently by a number of 
chemists. The calcination and granulating processes decompose the zinc 
sulphide to a slight, extent, and the zinc thereby liberated takes up carbon 
dioxide. This zinc carbonate, however, is not equal in value to the sulphide 
&s a pigment. Ilence if the whole zinc content of a lithopone be < alculated 
as zinc sulphate, the consumer will be adversely affected, since the zinc 
carbonate will be given as sulphide. In the same manner the buyer will be 
prejudiced if the sulphide sulphur alone is determined, as in this case all 
sulphides added by accident or of set jmrpose will count as zinc sulphide. 
Xo be reliable, therefore, an analysis must give the weight of both. 

Owing to the very different specific gravities of the two components, it 

, V.- • Exhaustive papers on the analysis of lithoiwiie have been pnhiUhed by Kochs and 
.^fyfert in the ZeUiohri/f f. angewajtdtc Chamxf, 1002, p. 802 ; also by Dniwe, ibid. p. 174. 
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may happen that the product is not quite homogeneous, and care is therefore 
necessary in sampling. Moreover, tlie analysis should invariably be per¬ 
formed on material dried at 100° C. until constant, BaSO^ is found directly 
byweigbiiig the re.ddue insoluble in hydrochloric acid. Aconvenientand rapid 
method of estimating the zinc is by titration according to tlie ecjualion : 

SZnCl, + KJ'eCy, + = Zn^FeCy, + 4KC1 + 

According to Amsei,* 50-7.'5 cc. of the hydrochloric acid solution, fiUereth 
off'from the BaSO^, is treated with 1 cc. of 10 per cent, ferric chloride and 
20 cc. of a 40 per cent, solution of neutral potassium tartrate, followed by 
neutralisation with ammonia and boiling, more ammonia being added if the 
solution is not clear. Tlie liot solution is then treated with a standawlised 
solution of potassium ferrocyanide until all the zinc is precipitated. This 
point is ascertained by treating one drop of the solution on a white porcelain 
plate witli one drop of concentrated acetic acid (contact test), whereby an 
immediate faint blue stain of I^russian blue should he produced. 

Lithopone is used solely as an oil colour, and has been known about 
twenty years. 

Under the name Su/fopove, Slchinu jiatented a product similar to 
lithopone, made from calcium suljiliidc and zinc sulphate. Calcium 
sulphide is obtained in a soluble form by boiling flowers of sulphur with 
a solution of caustic jiotash. A certain amount of sulphur is carried down 
in the precipitation process, and at a red heat escapes as a gas, thereby 
breaking u]) the mass and thus facilitating the further treatment. This 
product, consisting of zinc sulphide and calcium sulphate, is said to he softer 
and smootlier than true lithopone. 

Strontium in the state of sulphate has been introduced too into the 
combination instead of barium and calcium. 

Alherfi proposes a substitute for lithopone. He grinds zinc sulphate 
with chalk or with native barium carbonate (witheritc), and calcines the 
mixture. 'I’he mass melts in the water of crystallisation of the zinc sulphate, 
and thus becomes intimately mixed, decomposing at a higher temperature 
to zinc oxide and calcium sulphate (or barium sulphate), whilst carbon 
dioxide is liberated. Tlie fused product is granulated in cold water and 
finely ground. 


The principal artificial white mineral pigments have now been de¬ 
scribed, hut there are a few other products to be mentioned which are less 
used in practice at the present time. 

Antimony oxide can be prepared by burning metallic antimony at a 
temperature somewhat above its melting-point, or by dissolving it in nitric 
acid. A cheaper method is gently to roast native antimony sulphide 
(antimonium crudiim, grey antimony) in a finely powdered wet state in 
presence of air. The sulphur burns away as sulphur dioxide, and antimony 
remains as oxide. On dissolving native antimony sulphide ore in hydro¬ 
chloric acid, sulphuretted hydrogen being liberated, and pouring the resulting 
solution of SbCl^, after clarification, into a vessel containing a large excess 
of water, a dense brilliant white j)owder is precipitated; and this must be 
* i'(irhcn:eUu/iij, 1902, p. 42, 
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washed until all trace of acid has disappeared, the washing being then 
stopped to prevent decomposition. 'I’lie pulverulent precipitate thus ob- 
tainerl is called algnrolk pomler, and has the composition SbCl, + Sh^Oj. 

Mention should also be made here ot Ifad a/iiimonate and lead aiitvnomie, 
both of which are fine white powders. Ajjart, however, from the trouble ami 
expense of pre[)aration, the defective covering power of these powders (due 
to their crystalline nature) prevents their use as pigments. 

Bismulh whife, basic bismuth nitrate, a brilliant white when fresh, 
is prepared by jtouring a solution of bismuth in fuming nitric acid into 
a large volume of water. It is more sensitive than lead to sulphuretted 
hydrogen, and very dillicult to use if oidy for that reason. It lias been used 
for ages as a face jiowder, but is not altogether harmless, and is now replaced 
by tin white prepared in the same way (i.c., by dissolving metallic tin in 
strong nitric acid and jamring it into water) as a dense heavy wliite powder, 
tin hydroxide, Sn(OHJ. Though this |mKluct is not used as a pigment by 
itseU) it is of considerable im[)ortance as a colouring ingredient in glass 
fluxes (opal glass) and enamels. 


THE YELLOW MINERAL COLOURS 

The following are the most important representatives of this group. They 
are applied to a large variety of technical uses at the present day. 

1 . /Anc i/cJlow, n combination of metallic zinc with chromic acid. It 
probably has the formula .‘3ZnCr()^K^Cr^(). (i.e., is a douldc salt). 

2 . (7/rowr/yc//(}?c, neutral or ha'^ic lead chroniaic, which is put on the market 
in all shades, from the lightest lemon to the darkest orange, according to 
composition, and is consulcrcd the best of alt yellow mineral colours for 
painting. 

Litharge and the slightly yellow-tinted 7na.wcot, both compounds of lead 
and oxygen, with the chemical formula IH>(), were formerly considered to be 
colours also, and partly used as such for ])ainling. 'I’hcy are now, however, 
no longer taken into consideration as true colours, since, owing to their dull 
appearance as compared with chrome yellow (even allowing for the difference 
in price), similar shades can e isily be more cliea))ly produced with earth 
colours. 

All the yellow colours ncoess.<rily used before chrome yellow and zinc 
yellow were introduced are now manufactured in only very small quantities, 
partly on account of their high ])ricc, but partly too by reason of their 
inferior appearance. They are mainly employed as artists’ colours, for which 
purpose they can hardly be replaced by others, owing to their absolute 
unclmngeability under the most divergent influences. These are: 

3. Naples yellow, consisting chiefly of lead antimonatc. 

4. CadauMW yyc//ow’, a sulphur compound of cadmium, of a bright shade, 
not inferior in brilliancy to the chrome yellows, is preferred as an artist's 
colour for its insensitiveness to the influence of sulphuretted hydrogen gas. 

5 The so called Casxclyellow, probably of the formula PbClj, 7 PbO, and 
how used to a smaller extent than any other yellow colour. 

6 . King's yellow, a compound of arsenic with sulphur (As,S 3 ), which, owing 
to its being a poison, is used on only a very limited scale by artists. 
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7. Indian or cohaU yellom, a -yellow crystalline double salt: COj(NO,),,- 

8 . Siderin yellow, also called Mars yellow, ferric chroniatej Fe 3 (CrOj;„ has 
received more attention of late than its slight superiority justities, 

9. Tlie so-called ultramarine yellow {lemon yellow), barium chromate, of 
very little importance as a colour. The formula is BaCrO^. 

10. Tin sul[)hide, SnSj (known in the German trade as gold), is 
now very little used, gradually being displaced by the products of the , 
improved manufacture of metal-bronze. 

The only colours important for technical purposes are those numbered 1-4, 
the manufacture of which will now be fully described, whilst that of Nos. 5-10 
will only be summarised briefly. 


(1) Zinc yellow (Zinc Chrome, Zinkgclh, Jame de Zinc) 

The application of zinc chromate as a yellow colour is of only recent 
date, and is not met with in trade to any great extent as a separate pigment, 
the greater part being employe{! for mixing with Prussian blue to produce 
the so-called zinc green. The shade of zinc yellow is not so varied as is the 
case with chrome yellow ; on the contrary, when properly made, zinc yellow 
has a specially delicate and bright, rather light shade. 

The application of zinc green has very largely increased of late on account 
of the very brilliant sluules of green obtained with zinc yellow, especially as 
oil paints, and by reason of the very extensive range obtained by tnixing the 
yellow and blue pigments. Hence the question of making a specially bright 
zinc yellow, of uniform composition and appearance, has grown very impor¬ 
tant. Whereas formerly zinc sulphate was used as the raw material, zinc 
oxide is now almost entirely emj)loyed for this purpose, aud is in many 
respects more advantageous. Jn these circumstances the various older 
formula? have become ol)solete, and need not be discussed, especially 
since the products they yielded were of extremely poor covering power, and 
also too dark to furnish pure green shades when mixed with blue. I'he zinc 
ye!h>w prepared from zinc oxide by the process which wili be described later 
on 1ms, on the other hand, a delicate, bright, primrose to sulphur yellow 
shade that cannot be obtairied with the palest chrome yellows. This shade 
is, moreover, absolutely nccessiiry for obtaining perfect zinc greens, distin^ 
guislied by a characteristic pure green shade, in comparison with the so- 
called chrome greens (mixtures of chrome yellow and Paris blue) that 
approach more to olive greens. 

Owing to tlie delicacy of the shades of zinc green, it is (juite natural that 
the slightest deviation in the shade of the zinc yellow used for its production 
will be observed at once ; and the difference is the more striking the darker 
the zinc yellow used. In such event the finished zinc greens, e.specially when 
ground in oil, will closely resemble the chrome greens. It is therefore of 
the greatest importance to obtain tlie most suitable shade of zinc yellow for 
making the best zinc greens; but unfortunately this is not such a simple 
matter as it may appear at first .sight. I'he purity of the zinc oxide for 
producing the yellow is undoubtedly of the utmost importance ; and next 
to this is the temperature at which the zinc chromate was made. Witli 
regard to the most suitable zinc white, the finest brand on the market shout<ii 
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!al\^ayB be used irrespective of price, namely, the so-called “snow white 
{ainc white, “ green seal"). The next lower grade on the market—namely, 
“ red seal "—U not suitable for the preparation of a high quality zinc yellow, 
and still less suitable is the inferior black seal grade of zinc white. 

The temperature used in making zinc while must not be below ,50^’ C., 
or much above this limit. In either case the resulting zinc yellow is very 
coarse-grained and decidedly reddish in tone—faults which are transmitted to 
the greens produced from it. 

Tlie Zinc yellow is formed in the following way: 'fhe zinc white, finely 
distributed in w'ater, is treated witlr a certain quantity of concentrated 
sulphuric acid and thereby partly converted into zinc sulphate, which is 
afterwards precipitated witli a concentrated solution of potassium biclironiate. 
The resulting jH'oduct consists essenlially of a double salt, zinc orthochro- 
matcaiut potassiinn bichromate, 3(ZnCr()jKjjCr^()-, besides variable quantities 
of zinc oxide, 'j'his latter certainly exists unchanged, and it seems impos¬ 
sible to obtain the right compound and its ebaraolcristie primrose or sulphur 
yellow shade without it. The pigmentary substance, of course, is the 
compound 3 (ZnCrOjK^Cr^Oj, and the presence of j)()tassium bichromate, 
K,Cr,0^, explains tlie partial though very slight solubility of dry zinc 
yellow in cold water, and more particularly in liot water. The sodium 
chromate often used in place ol’ the somewhat expensive j)otash salt being 
unable to I'orni such doul)le salts, it cannot be employeil for making zinc 
yellows of the above composition. 

In making zinc cbronie on the large scale, the zinc white used must be 
first specially treated to prevent the formation of a granular yellow', which 
may easily occur under earelc'S inaiiagemenl, especially if the zinc white 
has not been dislribiilcd sullieii'iilly line in the water. In the .sulphuric 
acid treatjnent the eoar'-er particles oH’er a stubborn resistance to the infiu- 
enee of this reagent. Tlie zinc sulphate forms hard granules with the acid, 
and the coarseness is inereascil hv the infiuenee <»!'ll»e potassium bichromate 
added later on to such an exteiil that even the most careful grinding cannot 
alter the granular nature of the zinc yellow. ’I'his fault, however, will be 
avoided—largely, if not entirely—if tln^ zinc white, helnrc applying the 
sulphurieaeid, he converted into such a uniforiiily disintegrated condilioii that 
the acid can act tveiilv on all parts of the mass For this jmrpose the zjnc 
white must he suftieienlly gnmnd with water in a large cone mill (Fig. 8), 
the resulting impalpable paste beingaflerwards washed by levigation tluough 
.a fine hair or silk sieve iiilo the lank. I'he weighed quantity of concentrated 
sulphuric acid {(id' Be) is llien added, tlic sooner the better. Since the o])era- 
.tion, however, is invariably aeccunpanied by a considerable rise in temperature, 
the whole mass must be thoroughly well stirred to ameliorate the violence of 
the reaction.whicii increases with the temperature of the liquid in the tank. 

The volume of water taken for grinding and levigating the zinc white 
should he such that the temperature during the snlplmrie acid treatment 
will not fall imiel) below (’. Witli a little practice it will be easy to 
get the temperature right without a thermometer. After all the prescribed 
quantity of suljiburic acid is in, the solution of potassium biehroinale must 
l>e added at once, the temperature of tliis solution being regulated in 
'.Mcdrdance with that of the existing contents of tlie tank. Should this from 
;^n.y; cause be much below' C., tlie poUssium bichromate solution must be 
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heated so as to restore the temperature to 50° or a little higher. Conversely, 
if the contents of the tank be too hot they must be cooled by means of the 
bichromate solution, h'xperience shows that the best results as regards the 
brightness of the zinc chrome will be obtained when the potassium bi¬ 
chromate solution is added directly after the zinc sulphate is formed. It is 
necessary therelbre to prevent any waste of time in the operation arising, 
for instance, through dtday in dissolving the potassium bichromate or any 
other cause, since the prolonged standing of the mixture of sulphate and 
oxule of zinc will not only cool the mass but also jnaxluce granulation, thus 
jeopardising the success of the wliole operation. VV^ith regard to the con¬ 
centration of the bichromate solution, this is not so very important in 
working on a large scale as it seems to be from trials made in the laboratory. 

It should not be diluted to excess, though, provided the prescribed tempera¬ 
ture be exactly maintained, comparatively weak solutions have no appreci¬ 
ably unfavourable influence on the appearance of ihe resulting zinc ciirome, 
all that occurs being a considerable delay in the formation of the product, 
'i’lie solution of bichromate must be vigorously stirred in for at least half an 
liour afterwards. 

It is ail essential condition to the success of the whole operation that the 
zinc chrome wlien formed should be allowed to remain undisturbed at least 
hours, since it is only after the lapse of this period that tlie formation of • 
the double salt, ,'{(ZnCr()j K^Cr/)j, will be completed. As this progresses 
the mass continues to shrink, and the better the precipitate settles down to 
the bottom. Nevertheless, if the process runs a normal course the precipitate 
will be considerably more voluminous than is the case with most of the 
other yellow mineral colours. The clear liquid gradually separating above 
the precipitate always contains a larger or smaller quantity of surplus 
bichromate; and this seems essential to the formation of a bright zinc 
chrome, and consequently—since this quality naturally depends upon the 
content of zinc orthochromate—to the formation of the latter in sufficient 
quantity as well, fur so soon as an attempt is made to prevent this surplus 
by reducing the prescribed quantity of bichromate the resulting product 
bears not the slightest resemblance, especially in the dry state, to the real 
zinc chrome. 

The supernatant liquid, cliarged with biciiromatc, is next separated from 
the precipitated zinc yellow by decantation and poured into a special tank 
large enough to liold the liquor from 3 -4 batches of zinc chrome. This 
tank being filled about three fourths full with the said liquor, the contained 
bichromate is precipitated by thorough stirring with a dilute cold solution of 
sugar of lead, the resulting precipitate when thoroughly washed with cold , 
pure water furnishing a very uselul, chemically pure chrome yellow ((].v.) as 
a by-product. 

'I’lie zinc chrome remaining in the working tank must next be washed 
at least twice with cold water. The washings, althougli always containing 
bichromate, are useless, and are run off into the drains without anv further 
consideration, since it would not be profitable to use tliem for manufacturing '• 
chrome yellow in the above described manner, owing to the very small yield 
obtainable. 

Although in washing out the zinc chrome it is very likely that a portion 
of the potassium bichromate in the compound, 3 (ZnCi 0 J.K,Cr 30 ,+xZn 0 , 
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dissolves ftnd is lost in the wiishin^^, this washing is by no means superfluous) 
since imperfectly washed xinc chrome has many defects in conipariKon with 
the really ])ure article. '1 Inis it will always have a reddish tinge, which) 
however uniinportaiit it may seem beforehand, will he very much in evj<lcnce 
in the shade of the green obtained by mixing the yellow with blue. More* 
over, the pigment is much harder and denser when dry, and is therefore 
very diflieult to work up into green, and the product is deficient in covering 
power in comparison with tliose produced from zinc chrome that has been 
washed properly. • 

After washing, the zinc chromate is filtered in the ordinary manner, 
pressed, cut into lumps, and dried in drying chambers or in the op<^n air. 

Although from the natnre and properties of the comjiound there can be 
only one really useful kind of bright zinc clirome, the proportions of the 
raw materials used by difl'erent makers vary considerably. According to the 
author's experience, the most beautiful sluule and the highest yield will be 
oli>taiiied from the following proportions : 

Zinc white, green seal . . by weight JO parts 

Sulphuric acid, B. . . „ 4-f) „ 

Potassium bichromate . . „ 10 „ 

Yield 18 0 zinc chrome. 

Any reduction, though only a small one, in the weight of one or other 
ingredient immediately affects the result, and always gives an inferior 
product. 

Tlie des(!ribed process was devised in 1847 by Murdoch, who abandoned 
the older methods employing zinc chloride or zinc sulphate, which 
salts are more or less unsuitable because they must always be freed liefore* 
hand from tlie iron invariably jiresent. Moreover, the precipitates obtained 
by precipitating zinc salts with bichromates or chromates are extremely 
unstable. When they have been thoroughly washed only about 4(1 per cent, 
of the calculated yield is obtained, and if tliey are not washed the produce, 
though good in shade, will be very liard and granular and quite useless 
as a pigment. 

In the drying process zinc chrome is very stable, the shaile being 
unaft’eeled by either very liigh or very low ternpm'atures. It is perfectly 
fast to ttulphiireous gases, and may be mixed with any colours eontalning 
sulphide sulphur. 

As zinc chrome is not waslied very carefully, it may of course under 
certain circumstances contain traces of acids or salts, oa|>abIe of injuring the 
pigment when ground in oil. 

All inorganic and many organic acids, as also ammonia and an excess of 
caustic alkali, will dissolve zinc chrome. Any undissolved residue indicates 
■adulteration, in which connection chrome yellow is chiefly concerned. 
.When treated with ammonium sulphide or sulphuretted hydrogen, zinc 
chrome should not turn brown or black. The quantitative ultimate 
analysis of zinc chrome never gives concordant results, so tliat the 
chemical composition has not yet been ascertained. This very interesting 
-odour is supposed to consist of basic zinc chromates or acid potassium-zinc 
chromates. 
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2. Chrome Yellow (Ckrovie/i, Chrorngelh, Jamie dc Chrome) 

The so-called chrome yellows are not only of the hij,d)est technical import¬ 
ance amon^ the yellow colours, but must also be considered individually as 
the most important of the mineral colours. In addition to their excellent 
technical qualities, their scale of gradation is not even approximately 
equalled by otiior mineral colours. The slmdes (»f the chromes comprise all 
imaginable gradations from the lightest sulphur yellow to the darkest 
(reddish) orange, and from this to the richest deep violet red—a range 
which cannot be sur)>assed. At the same lime it is a fact of S])ecial 
importance to the manufacturer that each member of the chrome yellow 
group can not only be obtained by mechanical mixtures of light and dark 
shades, as is mostly the case with the green colours, for instance, but each 
member can also be produced independently according to distinct and entirely 
different fornuila?. 

'fhe light chrome yellows, when perfectly pure, consist, notwithstanding 
differences of shade, to a certain degree of neutral chromate of lead, PbCrO^, 
only. In jiroportion, however, as the shade gradually passes into reddish 
orange it may l)e assumed with certainty that more and more of the neutral lead 
cliromate has been converted into the basic compound, so that tlie chrome 
yellows which are redder than llie lemon chrome, without belonging to tlie real 
orange chrome, must be regarded as mixtures of more or less neutral and basic 
lead chromates. This opinion seems to be the more correct inasinucii as 
the same shades can be produced (though with less brightness) by mechani¬ 
cally mixing dry neutral lead chromates (pale chrome) with basic lead 
chromates (orange chrome). The circumstance that the j)ale chrome 
yellows of identical cliemical composition differ widely in shade is due 
to the different molecular condition of the lead chromates. Tliis condition 
seems to depend mainly on the temperature to which the lead cliromates 
are accidentally or designedly exposed during or after formation. The 
more the neutral chrome yellows pass over into the basic modification, the 
more will the crystalline form predominate in the resulting compound, the 
yellow then becoming darker and redder, and also specifically heavier, 
inferior in covering power when ground in oil, and considerably looser iu 
the dry state, so that the cones or lumps formed from the wet mass have 
very little durability in the dried state. Perfectly pure basic lead clyoraate, 
the most important representative of which is the technical red chrome, 
should accordingly exhibit the most decidedly crystalline form, which is 
actually the case. Hence, to produce a certain shade of chrome yellow in 
exact accordance with distinct calculations, it is primarily important that 
it should acquire the molecular form peculiar to the lead chromate in 
question. 

As with all crystalline bodies highly concentrated solutions favour the 
rapi<l formation of crystals, so by using insufficient quantities of water in the 
manufacture of chrome yellows, crystalline, dark colours alone are always 
obtained. Conversely, lighter and more brilliant chrome yellows will be 
obtained in proportion as the quantity of water used for precipitation is 
increased; and the production of every individual member of the long sede 
of colours of the chrome series must depend in all cases on the use of a ' 
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definite quantity of water. IVactical experience shows that this deduc¬ 
tion is in full Imrinony witli facts, the maintenance of accurately defined 
quantities of water being one of the most important factors for obtaining 
a predetermined sliade of colour. 

The accuracy of this first rule to be followed in the manufacture of perfect 
chrome yellows can be easily cliecked by the following parallel experiments. 
When in producing two chrome yellows according to the same formula twice 
the quantity of water is taken in the one case as in the other—the treatment 
being exactly the same in other respects—it will be found without difficulty 
that a considerable difference in appearance exists between the dried 
products. The yellow made with the larger (juantity of water will be 
consiilerably lighter in shade tlian that made with half the quantity of 
water. 

The continued stirring of the solution is well known to influence the forma¬ 
tion of crystals, so that instead of t he large and perfect crystals obtained when 
the liquid is left perfectly quiet the resulting crystals will be in a finely 
divided form (needles or splinters), of the type known in commerce as 
crystal powder. Hy stirring the liquois during the process of crystallisation 
the perfect formation of crystals will be retarded, a fact winch, when 
applied in the manufaetuve of chrome yellows, will have a very inqmrtant 
influence on their appearance, for, since the precipitation of lead chromate 
takes place, as already mentioned, fiaun very dilute solutions of the raw 
materials, the continued stirring of the mass before and after the formation 
of the precipitate will furnish a product which is jwiler aiul brighter than 
that obtained with the formula described above, but at the same lime softer 
and specifically lighter, 'riiis striking jdienomenon can be exphiincd with¬ 
out (jiftieulty by aid the foregoing hypothesis. On account of the 
contimnd active stirring of the liquid, the transition of the lead chromate 
into the eryslalline form W’ill be successfully prevented. Iji such cjise the 
chromate will be transformed into an extremely fine state of division, or at 
least the condensation of the chrome yellow will he jaovented when the 
precipitate has been deposited from such highly dilute solutions that any 
higher degree of fineness Ma>ul<l be intpossible. The finer, however, the 
texture of the chrome yellow, the brighter, softer, and specifically lighter it 
will be when dry. 

Evei\ though tbs foregoing conditions with regard to the use of a 
uniform ipianlity of water and continued stirring during the preeipitaticui of 
the lead chromate be observed, the resulting products are liable to vary 
unless three other important factors be considered at the same time, 
namely: (I) 'fhe temperature at which the lead chromates are formed; 

. (2) the time consumed in this operation ; and (3) the method of washing the 
colour after precipitation. 

VVMth regard to suitable temperature, the general rule is that the shades 
are lighter In proportion as the temperature is lower, and, conversely, have a 
more reddish tinge in proportion as higher temperatures are employed. 
Rising temperature seems, therefore, to accelerate the crystallising of the 
precipitated lead chromate, the same rc.sult being obtained by treating the 
finished dry pale chrome yellow with boiling water. Of course, the variation 
from the original shade is not so striking as it would be on direct precipita¬ 
tion in the hot state. Besides having a much more reddish tinge, the resulting 
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yellow differs essentially in other respects from the chrome yellows obtained' ' 
by cold precipitation. The otherwise finely divided precipitate is flaky when 
a higher temperature is used, and, on settling down, forms a very voluminous 
spongy mass, which filters very (piickly, and shrinks considerably under 
pressure, pai ting with a large quantity of water. The resulting lumps of 
dry colour exhibit a j)eculiar fibrous or felted fracture, and have an unusually 
low sj)ecific gra\'ity. 

The same changes occur in the j)ale chrome yellows when the manu¬ 
facturing ])rocesses, especially the washing, take an nnusindly long time to 
carry oul. tlven wlien the washing is perlbnned as rapidly as possible there 
is an appreeiable darkening of the colour, and this clninge is naturally 
intensified by prolonging the w’ashing process. This very imjmrtaiit cir¬ 
cumstance must be borne in mind wlien making the lemon chromes, as well 
as the very pale grades. Moreover, wlieii all the coiiditions for producing 
a perfect cin'oine yellow have been fulfilled one can never preserve the 
initial shade of colour through the whole series of operations. Hence when 
any brand of chrome yellow is being matched allowance must always be 
made for the unavoidable darkening of the lead chromate in tlje washing 
process; and the margin will be greater in proportion as the desired shade 
of chrome yellow is paler. Consequently it is quite impossil)le to obtain 
the very palest brand of chrome yellow by the usual simple method of pre¬ 
cipitation. In fact, as will be seen further on, special measures must be 
taken to prevent the subsequent darkening of these grades in the indis¬ 
pensable process of washing the lead chromates. By summarising the fore¬ 
going observations we arrive at the following rules, which must be ubserved 
strictly in the m-inufacture of all eliromes except the orange grades: 

(rt) Use a maximum of water and very dilute solutions. 

{()) Stir thoroughly and continuously during and after the formation of 
the chrome. 

(c) Maintain the lowest temperatures possible. 

(d) Avoid any loss of time both in the forming and, more especially, the 
wasliing process. 

'I'he use of perfectly pure raw materials is, of course, a sifie (jud noti. 

In the course of time, and with the advance of technical knowledge, all 
the soluble ami most of the insoluble lead salts have been used to manu¬ 
facture tile different shades of lead eluomes, the result being the gradual 
accumulation of a great number of formula:, each giving a different (product, 
according to the raw material used. Nevertheless, the only chrome salts 
now used for precipitation are potassium chromate and (more recently) 
sodium chromate, whic!) is somewhat cheaper, both the acid and the neutral 
salts being employed. The first-named is met with in commerce in the form 
of the bichromate only, and the neutral compound has to be prepared by 
neutralising this with soda, whereas sodium chromate can be obtained both 
as acid and neutral salt. 

For making chrome yellow the most important of all soluble lead salts is. 
neutral lead acetate—the sugar of lead already mentioned in the manufacture 
of white lead—though lead nitrate and the s})aringly soluble lead chloride 
are both now largely used. Of tlie insoluble lead comj)ounds, white lead 
has become very important for the manufacture of chrome yellows, and alsp 
lead sulphate to a smaller extent. 
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Lead acetate is only met with in commerce as the crystalline sugar of 
lead; it is cither used (lircet (this being the more gencrnl way), or tor making 
basic lead acetate or to maiiufaetiire basic lead chromates, and serves then 
as a raw material. This latter is inad<* by boiling a solution sugar of 
lead with finely ground litharge* until no more litharge is dissolved. This 
operation, however, has been already described in the manufacture of white 
lead by the French process ((/.r.). 

The size of the crystals of sugar of lead for niaiiuficturing chrome 
yellow is immaterial; the sole essential point Is to take a |)iirc, colour¬ 
less article, the brown sugar of lead, produced from pyroligneous acid, being 
unsuitable for tin; majtiritv of chrome yellows. Sugar ot lead crystallises in 
four-sided prisms, readily sohdile in water, and melting at a moderate 
temperature. It has tin* chennc.-d formula IM)((11;»1 

Lead Hitrale, Fl)(N().,).,, <•xist^ in commerce in the form of a heavy salt, 
forming large milk-white oelahcdral crystals, readily soluble in water. It 
is prepared by dissolving lead oxide or metallic lead in dilute nitric 
acid. 

Lead chloride, 1M)('1„ forms in the crystalline stale small wliilc, brilliant 
needles and hexagonal plates, but also ticeurs as a heavy, soil, white powder. 
In either case it is very dillicult to dissolve in water. This eonipound is 
most easily obtained by treating h-ad oxi<lc with hydroebloric acid, or by 
mixing a soluble salt of lead "itb a solution of common saltor hydroebloric 
acid, whereupon it is precipitated as a dense white crystalline body. Low- 
j)rice cost of production having to be consid<M*ed in the applicatioii of lead 
chloride for manufacturing chrome yellow, it is advi.salde to decoinpose com¬ 
mercial white lead with hydroehloric acid. I'or this purjK)se powdered 
white lead, ground very fine with water on a cone mill, as de.seribed in the 
use of white lead for making zinc yellow, is treated with pure eouiinercial 
hydrochloric acid until effervescence (lil>eratioM of carbon dioxide) ceases, 
care being taken to aM)id any considerable excess of the acid. Should 
this, however, occur it can be neutralised by adding white leail in small 
quantities, thoroughly stirred in, so long as eU'ervesecnce continues. The 
. resulting lead chloride is in an extremely fine state of division, and can be 
used direct for making lead chromate, since it forms chrome yellow on 
treatment with neutral potassium or .sodium chromate. Lead chlorkh?, or 
at least the basic modification Pb(d^.Fb(()H)^, can be obtained still more 
cheaply*by treating finely ground litharge lor several days with a con¬ 
centrated solution of common salt, ami stirring up the pasty mass at 
.intervals. The be.st plan is as follows : JOO parts of finely ground litharge 
are mixed in ihv. dry state with 10 parts of eonnmm salt, and this mixture is 
placed ill a large east inm juui, or slaimeli wooden vat, with enough warm 
water to form a fairly stiff paste. After al)out twelve to fifteen hour.s, during 
• which lime the ndxUire has frothed up considerably, it inu^t be tliorougbly 
Well stirred. When the eoiisistcncy has so increastal that the mass can 
no longer be easily stirred, it must be diluted again to the original 
. strength witli warm water, ami this operation repealed at intervals of twelve 
to Hlteeii hours, until all the lead oxide has been decom|H)sed, i.e., until the 
reddish sliade of the mixture has given place to while, whcrcu|K)n the con- 
' version of the litharge into lead chloride may l)e considered as complete. 
'-With a temperature of 20 to 24® C. this will be generally the case in four to 
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five days, or proportionately earlier at higher temperatures. In this reaction 
the lend oxide abstracts chlorine from the common salt and combines with 
it to form lead chloride, PbClj, which, on account of its affinity for lead 
oxide, combines with another jmrlion of that substance and the water pre¬ 
sent, caustic soila being formed as a by-product: 

2PbO + «NaCI + 21^0 - PbCl,.Pb(OM). + i^NaOH 

Couniiou snlt Wntor iijisic load oliloridi. (’austic, soda. 

The presence of caustic soda is a drawback to the cmploymcnl of the 
mixture in manufacturing light shades of lead chrome, and for this purpose 
the alkali must he removed by washing with cold water, or by neutralisation 
with a mineral acid. The direct application of load cldorule containing 
caustic soda is only feasible in producing basic chrome yellows (orange 
chrome, red chrome), which arc gradually formed on the addition of a con¬ 
centrated solution of potassium bichromate, ihough the neutral chromate 
acts immediately. 

Of tlie insohilde lead combinations, white lead is the principal one coming 
under consideration. Treated wilh neutral potassium chromate, it is com¬ 
pletely Iranstorined into basic lead chromate; this reaction forms the basis 
of the numufacture of red chrome. When used for making chrome yellow, 
the white lead must not only he ground in a dry state, hut also repeatedly 
grotind extremely fine in a wet stale, which can he eifected in a large funnel 
mill when no wet mill is availalde. It seems as tliouglii bright and really 
brilliant chrome yellows can only he proiluccd wilh brands of white lead 
containing the normal j)roportion of lead hydroxich*, since the decom¬ 
position of })o[assiuin clironmte with French white lead, for instance, is very 
imperleot, at least according to the ordinary formuhe for making pale 
chrome yellows, and especially by the cold process. 'I’he resulting lead 
chromates have a faded look, and are very heavy when <lry, in comparison 
with those obtained under the same conditions Irom (German white lead. 
The actual <iegrce of whiteness of the white lead used seems, however, to 
have only a very slight iiiHuence, if any, on the brightness of the resulting 
chrome yellow. 

The application of lead sulphate in the manufacture of clirome yellow,for 
certain kinds of which it is very useful, has become rare. When used indi-. 
rectly, * c. , precipitated from sugar of lead by sulphuric acid, in prcseirce of any 
suitable lead chromate, it still plays a very important part in the manufacture 
of the canary yellow brands of chrome. Tlie ju'ecipitation of such lead 
chromates is effected as follows: Potassium chromate is treated with a certain 
quantity of sulphuric acid, and the mixture employed to precipitate a suitable 
quantity of sugar of lead solution According to the quantity of lead sulphate, 
thus precipitated, the resulting chrome yellows will become paler, and do not 
darken in shade, or only a little, in the washing process. Instead of sulphuric 
acid, sulphates, such as aUim, aluminium sulphate, Glauber salt, &c., may be 
mixed with the hiciiromale, since, like sulphuric acid, they have the pro¬ 
perty of forming le»id sulphate with sugar of lead. It appears, however, that the 
resulting lead sulphate lias somewhat different properties from that precipi¬ 
tated with sulpiiuric acid and sugar of lead, since the clirome yellows obtained 
in this way (especially the very pale brands) settle down only very slowly 
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ou washing, ami the wasli walers always contain a <‘crtain rjiianUly of lead, 
sulphate and lead chromate in a Hnely divided state, producing an opacjue, 
milky appearance. This is not removed by passing the washing through 
filtering paper, the precipitate of lead sulphate being so fine that it will 
traverse the pores of the best paper. 


l^oUmiuni liirfiwnuitc, KJ'rJ)- 

In describing the manuiacture of zinc yellow we had an opportunity of 
dealing with potassium bichromate, whicli is one of the most important salts 
used not only in the }>reparatitm of mineral colours, Imt also lor technical 
purposes in general, W’itli regard to the most important and versatile part 
played by this salt in the manufacture of lead chromaies, it inadvisable to 
go thoroughly into the description of the manufa<*ture and properties, &c,, 
of this bieliromate. 'I’o ))roperly and correctly understand the whole pro¬ 
cess of making chrome yellow it is essential to have a correct knowledge of 
the functions of this ehromium compound in the successive chemical reactions 
with soluble and insoluble lead salts. 

Potassium bichromate {acid chromate of potash) is manufactured indirectly 
from chrome ironstone, the richest chrome mineral existing in nature. Tlie 
chrome ironstone has the chemical formula I’VC!r/),=--TeOXV/).,, and consists 
essenlialiy of ferrous oxide and chromie oxide. The eheniieal processes for 
effecting tlie recovery of tlie valuable chromic oxide from chrome ironstone 
aie ba'.cd entirely (m the oxidation of tiic chromic oxide to chnnnic acid 
and of the ferrous oxide to ferric oxide. Potassium nitrate (saltpetre) was 
formerly used as the oxidising agent. By the calcination of this substance 
with finely crushed ciiromic ironstone the chromie oxide is oxidised to 
chromic acid. This latter combines with the alkali, fii*st of all to form 
potassium chromate, from which the acid potassium chromate is afterwards 
obtained by acidification with sulphuric or nitric acid. Since in using the 
saltpetre by itself the oxygen oidy is able to react, so that the cost of the 
operation is needlessly enhanced, this part is replaced in practice by an 
equivalent quantity of another potassium salt (potash, potassium carbonate, 
that is also caj)al)lc of forming soluble cln'oinates wilh ehromic 
acid. Boiling water dissolves the resulting potassium monochromate out 
of the ground fused product, together with undecomposed potash and the 
soluble potassium aluniinate and silicate. After the alumina and silica 
have been precipitated by adding wood vinegar, tins solution of chromate 
is evaporated until a skin begins to form on the surface of the liquor, a 
sign of incipient crystallisation of tlie potassium monochroinatc, Wlien 
left undisturbed, the latter will crystallise out in lemon coloured rhombic 
prisms. The resulting potassium monocliroraate is readily soluble in 
water, and evinces a strong tendency to change gradually into potassium 
bieliromate. 

1'lie conversion of the monocliromate into bichromate is based on the cir¬ 
cumstance that some acids are able to abstract from the former nearly one- 
half its content of jiotassium, forming salts which are readily soluble and 
therefore easily separated from the sparingly solulde potassium bichromate, 
by a simple process of crystallisation. On account of its very low price, sul¬ 
phuric acid especially is used for this purpose, nitric acid being also used for, 
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certain reasons that will be explained later on. The weighed quantity of 
monochromate is treated with about one-fourth of its weight of sulphuric 
acid, and the formation of the two above-mentioned acid salts takes 
place at once. For instance, if 80 p^irts of potassium monochromate 
are dissolved in IhO parts of water and treated with 20 parts of con¬ 
centrated sulj)huric acid, the whole being gradually raised to the boiling- 
point and left to stan<l, the red potassium bichromate crystallises, whilst 
the acid potassium sulphate remains dissolved. Jf less sulphuric acid, 
say one-eighth of the weight of monochromate, were used, there would 
be formed, in addition to the potassium bichromate, the normal potas¬ 
sium .sulphate, which is very difticult to separate from the mixture, 
owing to the very little difference in the solubility of the two salts at 
all temperatures. 

'Hie chemical reaction in the decomposition of potassium monochromate 
with nitric acid is on exactly the same lines as witli sulphuric acid. In addi¬ 
tion to the bichromate potassium nitrate is formed, and this can be recovered 
and used afresh for producing the monochromate from chrome ironstone. 
For this reason the process will be more advantageous than the sulphuric acid 
method, since in the latter the bulk of the potassium sulphate is lost or 
expensive to recover. 

The process used at present dispenses with the expensive potassium 
nitrate for preparing the moiiocliromate. 'J'he finely crushed chrome iron- 
'.stone is mixed with lime and potash, and the mixture roasted in a rever¬ 
beratory furnace, the charge being frecpiently turned. 'I'he greenish-yellow 
roasted product, consisting mostly of potassium chromate, calcium chromate, 
and ferric oxide, is bleached with water, the two first-named salts passing into 
solution, and leaving the insoluble ferric oxide at the bottom of the tank, 'fhe 
solutionof chromate,separated from the ferric oxide,is treated witli a solution of 
potash (potassium carbonate), which throws down calcium carbonate and trans¬ 
forms the calcium monochromate into potassium monochromate. 'I'he solution 
of potassium monochromate is separated from the precipitate and treated 
further with sulphuric or nitric acid, so as to convert it into potassium bi¬ 
chromate, as described above. 'I'he potassium bichromate obtained in this 
way forms red, triclinic crystals, and is readily soluble in hot water, but very 
sparingly so in cold water (10 ; 100 at I5‘* C.). Under gentle heat the 
crystals readily rnelt, but without alteration, but stronger calcination decom- 
j)Oses them into neutral potassium chromate, chromic oxide, and oxygen. 
'Fhe solution of the bichromate lias an acid reaction, a bitter metallic 
taste, and is easily reduced by organic substances. Whereas in the 
cold the solution remains a long time unchanged when treated with 
.sulphuric acid, the same acid added to a hot saturated solution will 
precipitate chromic anhydride. W’bcn heated, this solution readily dis¬ 
engages oxvg<*n and (Iccorajioses into a mixture of ebromic suljibato and 
potasssium sulphate, from whicli crystals of chrome alum, KjCrj(S()J^ + 
12H/), separate after some time, l^^t^l.ssium liichroiiiate being tl>c only 
potiissium cliromate in commerce, the monochromate being very rarely met 
with in the market, is tlie only one used in the manufacture of most of the 
other chromates. 

Nowadays sodium chromate is also manufactured. Although tliis salt is 
cheaper, since calcined soda can be used instead of potash, the roasting 
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. process being simiUr in botli cases, it is not very largely used in the manu¬ 
facture of clirome yellow, |)rc)l)ably because siKliimi bieliroinale is very deli¬ 
quescent, and tberefore didleiill to store and estimate, wliilst at tile same 
time the larger (|uanliLy rei|uired to furnish the same residt tends to e<iualise 
the difference in price as compared witli iwtassium hicliromale. 

a. Manufacture o f the Sulp/ntr-ycllnw (Cauari/) and Vale Lemon ( bromes 

In laying down the general rules to be observed in the manufacture of 
the paler coloured chromes reference was made to the fact that the i>re- 
cipitation of potassium bichromate with soluble leari salts will not iurnish 
the very light shades, viz., the sulphur (or canary ) yellow brands of the 
chrome yellow, because the precipitate darkens in the indispensaltle washing 
process so eonsiderably that the jn-oduct must be classed as dark lemon chrome 
when dry. It is (juite another thing, however, if a certain ipianlity of lead 
sulphate be formed with the lead chromate by adding sul]>huric acid or a 
soluble suljrbate to the solution ot potassium bichromate, and ])reeipitating 
the solution of lead salt with this mixture. ’I'he chromes obtained in this 
way do not darken in washing, .and are not liable to change so easily as the 
simple chromes, where this disagreeable phenomenon is (piite a matter of 
course. 'I'his resistance of the chromes containing co-preeipitate<l lead 
sulphate to influences which would overpower the other lead chromates is 
noticeable even when the quantity of suiphuric acid is very small in propor¬ 
tion to the jwtassium bichromate, but becomes still more pronounced as tbe 
quantity of sulphuric acid is increased. Consequently the colour ot the 
resulting chromes is modifled in the same proportion—i.c., they become 
paler as the amount of sulphuric acid is increased, and darker, e.c., more 
reddish, under the converse conditions. 

Experience shows that really usable dry chromes can only be obtained 
when the proportion of sugar of lead and potassium chromate taken for the 
preci]>itation process is such that there is an excess ot at least b per cent, (by 
weight) of the latter ingredient. It is true that tin' lemlency <d' the chromes 
to darken (|uicklv in wastiing c.'iniMd i)e .altogether avoided, but they are 
much brighter in appciiraina- tlian when neither of the salts is in excess. 
In view of this not more than .'t? 1 parts of potassium biclironmtc should be 
used in pr.acticc to each Idd parts of sugar of lead; and this proportion 
will ap|flv to nearly every case. 

Conseqijcidly when a certain addition of sulphuric acid is used in l)ro- 
, ducing sulphur-yellow chromes, the prop<irtion Ixitween sugar of lead 
and potassium bichromatt' must be altered so that the said excess of .a per 
cent, of the first ingredient is still maintained in relation to the sum of 
the other raw materials, and in order to ensure this when an increased 
quantity of sidphuric acid is taken tlic tpiaidity of bichromate must be 
decreased in due proimrtion. This proportion is expressed in figures as 
follows : 0 (i.< H,SO, : f Of) K,Cr,0;; or, practically, when the quantity of 
sulphuric acid is increased by O fi.j the (juantity of bichromate must be 
reduced by 1-00 part (by weight) to maintain the normal proportion between 
• sugar of lead and potassium bichromate, corresponding to an excess of about 
5, per cent, sugar of lead in the precipitation process. This is clearly 
< shown in the following Table ; 
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Itmnd. 

SiiSi'ar 4>i 
Ldiid. 

Snl|)1in- 
rlr Acid, 
00® Ik'. 

I'otas- 
Hiuin Hi- 
chromate 

Brand. 

Su^ar of 
i.ead. 

Sulphu¬ 
ric Acid, 
06® He. 

I’otns- 
kIudi Bi¬ 
chromate 

No. 

100 


37-5 

No. 10 

100 

0-r>o 

•27-5 

.. 15) 

100 

0 •(;.") 

36-:) 


100 

715 

2<)-5 

IS 

loo 

1-3 

3r.*5 


100 

7'8i) 

25-.5 

« 17 

100 

1-9:. 

34*5 


100 

815 

21-5 

„ 10 

100 

20 

33'.'> 

n 

100 

910 

23-5 

„ ir, 

100 

3-2,'. 

32'r, 


100 

y’VO 

220 

.. M 

100 

3*90 

31-5 

„ 1 

100 

10-40 

21 0 

„ 13 

100 


30-r. 

„ 2 

100 

11 0.5 

20-.5 

12 

100 

.')-20 


0 

100 

11-70 

]9-,5 

„ 11 

100 


2Hr, 

.. 1 

lOO 

12‘35 

1S-.5 


In this table No. 1 represents tlie li^rhtest, No. 20 the darkest shade of 
chrome of this series, ail the intermediate numbers representing so many 
different shades. I'lie brands 1-10 may be termed for trade purposes 
sulphur yellow, and II-IJ) pale lemon. A still further subdivision of shades 
can, of course, bo obtained by varying the (piantity of suljduu'ic acid, for 
instance, by only 0’32.') part by weight and the bichromate by 0 5 part 
respectively. Other modifications are possible, provided the ratio 0 ()5 :1'OO 
between the snljrlinric acid and bicliromate be invariably maintained. 
How this can he done will be seen by the following example, in which 
the weight of sulphuric acid is increased by 0-.5 part, the equation being: 

0-b5 ; I-00 - 0-.5 : .r; 
ie., 



This means that the weight of potassium bicliromate must here be reduced 
to ()•?? part, 'I'he use of basic lead acetate for producing the sulphur 
chromes will not alter either the process or the result. On ihe otlrer hand, 
it must be borne in mind that the most advantageous basic lead acetate to use 
is one containing exactly double the quantity of lead oxide in proportion to 
the acetic acid present, as is the case in crystallised sugar of lead. Now the 
latter substance, Pb(CgH., 02 ).,.,‘lHy(), contains in 100 parts 

Acetic acid.26*92 

Lead oxide . . . . . 58 83 

Water of crystallisation . . 14 25 


10000 

Hence, to produce the said basic lead acetate 100 parts of crystallised sugar 
of lead must be treated at boiling temperature with 59 parts of litharge, the 
mixture being kept stirred until the litharge is completely dissolved. The 
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resulting quaiility of basic lca<I acetate contains as much lead as corresponds 
to double the (juantity of sugar of lead used— i.c., t(i iiOO parts by weight. 

'I'o work with tlie pr()portioiis of weight given in the tablc^ the 100 parts 
of sugar of lead must be replaced by .')0 parts of the same and o ])arls of 
litharge, whilst the (piantities of sulphuric acid and potassium bichromate 
remain unchanged in order to furnish the same results. This method 
of working may he recommended, since the cost of the resulting chrome is 
much less tlnni when pure sugar of lead alone is used. The following 
simple calculation will clearly explain the ditference in eost: 

i' .V. d. 

]()() Ihs. erystallised white sugar of lead eost, say , I .> 0 

iifs. ground litharge (at J ts. per I(10 Ihs.) . H d 

100 f 5}) T ‘JOO Ihs. of sugar of lead will cost . ,t'l i;i 'A 

So that 100 Ihs. of sugar of lead will eost lb's. 8d. instead of ‘'.‘is. 

To manulaeture pale lemon chromes at least three tanks of difi'erent 
dimensions are necessary. The working or precipitation tank must be 
as large as possible, in accordance with t!»e rtde that lead chromates are 
brighter and specifically lighter llie larger the amount of water used in the 
jiroeess. If possilile, the tank should lie made of strong pine, measuring at 
least f> ft. diameter inside and about b ft. high inside; Imt even larger 
sizes may be used. A smaller lank, about 0 ft. in diameter and d It (> in. high, 
(if the same material, is used for dissolving the sugar of lead or basic lead 
acetate, and must be jirovidedin the latter ease with a j)ipe for direct steam. 
The third vat, for dissolving the potassium bichromate and the sulphuric 
acid treatment, may have the same dimensions as the last described, hut can 
l)e somewhat smaller. If the tanks can lie arranged as shown in big. (), so 
much the better, especially for pale chromes ; if not they may be arranged 
in the following mannei'; I'hc precipaling tank must be mounted so that 
the contents of the adjacent smaller vat can he gradually and conveniently 
transferred to llie preeijiitating tank, one man tilling the licpiids into a 
]>ail, tub, or bucket, and banding them to a second, who empties them into 
the precipitating tank, whilst a third looks after the stirring of the liijuids in 
the absence of any mechanical devices for that purpose. 

In beginning work the weighed raw materials arc dissolved, by stirring, 
in the Smaller tank, enough water being used to ensure complete solution. 
This done, the tank containing the lead acetate is filled with cold water up 
to the top, hut the biehromalc tank must not be filled (with cold w’ater)more 
than three fourths full. 'I’lie former is left to stand, after efficient stirring, 
in order that any impurities may settle down, the weighed (|uantily of 
sulphuric acid is thoroughly stirred in W'ith the solution of bichromate, and 
the tank then filled up to the top, the mixture being afterwards allowed 
to stand for some time. 

Meanwhile the precipitating tank is filled about half full with pure cold 
water, and to lliis is added tlie clarified solution of lead acetate—run in 
through a fine hair or silk sieve—the whole being constantly stirred to mix 
the water and lead acetate intimately together. Next follows the mixture of 
bichromate and sulphuric acid, in a very thin stream, in order to produce the 
lead cliromate in the finest possible state of division, stirring being continued 
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■without any interruption during the precipitation and for half an hour 
wards. The method of adding the solution of bichromate is oi* the highest ‘ 
importance to the quality of the resulting chromes, it being essential to run 
the solution in as an extremely attenuated stream, regularly and without 
cessation. This l)eing very difficult to secure by hand, the work must he 
entrusted to a thoroughly experienced and conscientious man. Of couree 
it will be stjll better to ])erform the whole operation by means of the arrange¬ 
ment shown in Fig. f). 

When the precipitate of lead chromate has settled down sufficiently in 
the tank—which usually does not take long—the top liquid, which must 
he always (juite clear and colourless, is drawn off as completely as possible. 

The next ])rocess, that of washing the chrome, must be jHU'fornicd very 
carefully and without any loss of time. According as a larger or smaller 
working tank is used, tlie washing must be repeated twice or three times. 
In many works it is the practice to add I j to 1J lbs. of sugar of lead to the 
washing waters, a precaution that is very commendable. Finally, the wa.shed 
precipitate must be filtered as quickly as possible, pressed, and the resulting 
paste moulded into square or round lumps, or into cones. It must be 
dried out of door.s, or at C. in artificially lieatcd drying-rooms. The 

‘'sharp”—i.e., quick—drying, recommended by many authors, is very inju¬ 
rious to the pale chromes, and must therefore be condemned. 

The most contradictory opinions exist about the chemical functions 
discharged by tlie co-precipitated lead sulphate in these chromes. It is 
believed by some that these chromes shoul<i be considered as double com¬ 
pounds, lead sulphochromates ; but, on the other hand, the possibility <»f such 
compounds being formed is disputed. Although various circumstances seem 
to favour the existence of lead sulphochromates, there are also very reason¬ 
able grounds for the supposition tliat in this case we have only to do with 
a purely mechanical mixture of lead chromate and lead sulphate. 'J'he first 
hypothesis is favoured by the fact that the chromes obtained by the co¬ 
precipitation of lead sulj)hat€ behave quite differently, especially in the 
wtushing process, from those produced under the same conditions by precipitat¬ 
ing the corresponding quantity of lead chromate or lead sul|)liate that has been 
formed by precipitating sugar of lend with sulphuric acid and then washed; 
Whilst the former chromes remain unchanged on washing, the latter darken 
afterwards exactly in the same proportion as the other precipitated chromes. 
It might be asserted that if the lead sulphate can he considered sittiply as 
an additional body in the chromes, other and similar inert bodies— e.g., barytes, 
and, still more, blanc fixe -must give the same shades at least with lead 
chromate as those obtained in the former case. I his, however, is not cor¬ 
rect. The chromes produced with barytes or blanc fixe, under the same con¬ 
ditions. are by no means c(jual to the lead sulphochromates, after drying, 
in appearance, and in spite of the much lower specific gravity of the Imrium 
sulphate in (Comparison with lead sulphates (BavSO^, sp. gr. 4' 48-4'5fi; l^bSO^ 
8p. gr. these chromes are not so light and voluminous. The 

latter fact is at all events very striking, and would in itself justify the 
supposition that the lead sulphochromates in question really exist. 'This, 
however, is apparently contradicted by the circumstance that when the 
sulphuric solution of bichromate is treated with a soluble lead salt, lead 
chromate is always precipitated first, the lead sulphate coming down after- 
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Wards, It is possible, too, to abstract the lead sulphate from the pseudo 
lead sulpboehroniatc ehnuues by the aid ot sodium liyposulpbitt'. I hough this 
isvervdillieiilt, it can actually be doue. Oil the otlier baud, it is impossible 
to reeoustruet a product at all similar to the original chromes by alterwards 
reuniting the two ingredients sep-arated as above, even by intimately grinding 
them together in the wet state. . , j i ■ i ■ 

At present the manufacture of sulphur ehrmnes from white lead, winch is 
relatively much cheaper on aeeoiint ot its high content ot lead oxide (Si) per 
cent.), has grown considerably in iavoiir. It is possible to prepare elirome 
yellow by treating white lead direct with potassium mono- or bichromate, 
but these chromes are of no teelinieal value, inasmiieh as their appearance 
is very dull and faded, apart from the heavy density of the resulting pro¬ 
duct. It is therefore necessary in the first place to convert the white lead into 
a soluble form. Nowadays the solvent medium almost invariably used tor this 
purpose is nitric aeid( tO" B.), acetic acid being rarelycmployed. I he general 
iiractice is to convert only part of the wdiite lead into lead nitrate or acetate, 
since in tlie course of precipitation with potassium bichromate—alone or in 
coniuiiction with sulphuric acid or aluminium sulphate-the ready-lormed 
soluble lead salt is attacked first, and the acid liberated therelrom by the 
■acid iireeipitant gradually dissolves the iniallered white lead, until iirecipita- , 
tion is complete. In making sulphur chrome yellows by this process it is 
specially important that the eoiiliiiiioiis formation of potassium nitrate or 
acetate by the regenerated acid and the alkali of the bichromate results in 
a eontiiiual decrease of the former, so that to avoid the appearance ot an 
alkaline reaction, which would lead to the formation ot a basic lead chromate, 
it is necessary to use at least as much nitric acid in dissolving the white lead 
as the complete neutralisation of the alkali in the potassnmi hiehroniate will 
require. This quantity of nitric acid can be easily calculated according to 
the equation 

K,Cr,0, + ifHNO, = 2K NO, -H ifChO. + 

Potassium bicliroaiato Nitric iwid Putassiiim nitrate (lliromic aciif Water, 

the bichromate and nitric acid being expressed by their molecular weights. 
The quantity of nilric acid per UK) parlsof bichromate is equal to Wi I parts 
of pure nitric aeitl (free from water). 

oi),-, ; (o X (id) UK); J'. 


|o()t)0 ^ j aater). 


But since 1 part of water-free nilric acid corresponds to 1> parts ol acid 
of +()» B. strength, the above fi Tl (larts must be iniiUiphed by 10 to 
ascertain the proporlion of M' B. nitric acid. tSf 71 x I 0-(),S t per cent. 
That is to say, in making sulphur-shaded and pale lemon chromes Iroiii white 
lead the anioiinl of 40 B. nitric acid required will be at least ()<) to lO jier 
cent of the weight of potassium bichromate used for the preeipitafion m 
order that all the alkali present in this quantity ol biehroniale may be fully 


neutmlised. 
The use 


of uliiniinium sulphate instead of sulphuric acid does not cause 


* Stu nitric aciU TabU*. 
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any loss of regenerated sulphuric acid, inasmuch as the aluminium nitrate 
formed in the reaction with the lead nitrate acts in such a manner on the 
existing white lend as to form nitric acid again, together with aluminium 
hydroxide and carbon dioxide, tlie latter being liberated. Tlie same oeeurs 
with aluminium acetate when acetic acid is used instead of nitric acid. 

In other respects the treatment of these chromes is exactly the same as 
already described. 

When basic lead etdoride is used as the raw material for these chromes it 
is necessary, since this salt is always in the form of a paste, to know the 
percentage of water it contains before calculating tlie quantity required. 
For this purpose 20 to 25 grms. of tlie paste of lead chloride are weighed 
and dried, the result giving the dry matter in the paste. Tliis can also be 
calculated from the quantity of litharge used in making the basic lead 
chloride, since 100 parts of litharge furnish 108 parts of dry basic lead 
chloride. If this quantity be taken for making, say, the No. 5 chrome yellow 
of our 'fable (see p. 188), it will be necessary to use 22 5 parts ot jiotassium 
bichromate and 0‘75 parts of sulphuric acid (Ct) ' B.) for the precipitation. 

h. The MannJ'adure of Dark Lamm Chromes 

If 100 parts of sugar of lead be precipitatetl according to the Table 
(p. 188) with 87’5 parts of potassium bichromate mulcr the conditions 
required for the piaxluction of first-class chromes, a chrome yellow' of 
intermediate shade between the pale and dark lemon lead cliromates will 
be obtained, 'riiereforc to this latter group belong all the products inter¬ 
mediate in shade between the above described chrome yellow and pronounced 
orange chrome. As already mentioned, the Jiiembers of this group must be 
considered as a mixture of normal and basic lead chromates. The main 
point in their production w'ill therefore be to obtain products consisting 
partly of normal and jmrtly of basic lead chromate. The chrome yellow 
produced according to the above formula from 100 parts of sugar ot lead 
and 87^ parts of potassium bichromate will be the palest representative of 
normal lead chromate, PhCrO^, whilst the darkest is obtained by the direct 
precipitation of neutral lead acetate (sugar of lead) and potassium mono¬ 
chromate On taking basic lead acetate instead of sugar of lead, the treat¬ 
ment with potassium monoehromate will furnish pure basic lead chromate, 
i.e., orange chrome O/.a), but only at boiling heat. When, lioweiier, the 
same basic lead acetate is precipitated witli potassium bjchr< mate, a chrome 
yellow is obtained which must be classified with the dark lemon cluMiies. 
This indicates the metliod to be adopted for tlie manufacture of these latter, 
since by treating sugar of lead or basic lead acetate with a corresponding 
mixture of potassium bichromate and monoehromate in the cold any desired 
shade of this series can he obtained. 

1 he said mixture of the two chromates can best be produced by taking 
a solution of potassium bichromate and converting part ot the salt into 
monochromate by neutralising with an alkali. For this purpose potassium 
carbonate (potash), sodium carbonate (soda) crystallised or in powder, 
(ammonia soda) and caustic soda may be used, but owing to considerations 
of price and convenience, ammonia soda is exclusively applied, so that 
instead of potassium monochromate the corresponding sodium salt is 
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obtained. Tliis, however, has no influence on the quality of the resulting 
lead chromate. The chemical reaction occurring in the neutralisation ot 
potassium bichromate with calcined soda (ammonia soda) is explained liy 
the following equation: 

K^CfjO, + Nil,,CO,, ^ K.CrO, 4- Nii^CrO* H- __ 

l-otassiuni i.iclironiat« Mixtaro of so.rmii, ami l.olas- Cai-ljoa .iioxid.,. 


itila Mixture t»f sodium iiud potas¬ 
sium mom>cliroiniil«' 


From this equation it follows that for oonvertiiig one moleeuh- of K,('r.,0, into 
K,CrO, billy one molecule of Na,CO., is required; i.e., expressed in ligures: 

0().5 parts by weight of K,( r,0, (molecular weight of K/'j'Pj)- 

I0(i „ „ „ NaX'0,( „ „ „ 

(In round numbers (lO parts of potassium bichromate lo 11 parts of calcined 
sodaT h. nliy works soda crystals are preferred for this purpose, the 
process then being naturally the same, except that units of proiHirtion must 
rnmditd il, accoriiance iith the molecular weight of the «,da aK 

viz., asii. Therefore 29 parts of soda crystals must be taktm to .10 paits 
potassium biehromale. The following table gives the exact proportions to 
be observed for the production of dark lemon chromes. 



Calcitieil 

Soda 

CrysUilfi. 

— 


1 

2-7 

•2 

r>-4 

;j 

8-1 

1 

10*8 

r, 

13T> 


14'85 

6 

16-2 

6-5 

17-55 

7 

18 9 

7-5 

20-25 

8 

21-0 

8-5 

22-9 

9 

24-3 


25 -8 

10 

27-0 

lOi, 

28-35 

11 

29-7 

iir. 

31-0 

12 

32-1 

12-5 

33 •75 

13 

35-10 

13-5 

36-5 

1 



No. 1 is the lightest and No. 23 the darkest shade of this group. 

The formation of the chromate mixture is accompanied th® '“on 
of carbon dioxide, the liquid frothing up considerably. The liberation ot 





carbon dioxide increases in violence with the quantity of soda taken. Whe'it' 
the reaction is finished any residual carbon dioxide must be expelled from 
the liquid by intro<lucing steam. The treatment of these shades of chrome, 
made in accordance with the above table, is exactly the same throughout 
as already described for the sutpluir chromes. 

The use of white lead, lead chloride, or basic lead chloride for making 
these dark lemon chromes offers no advantage, the cliromes being neither 
brighter in shade nor more valuable in other respects than those mentioned 
above. Moreover, any difference in price between tliese raw materials and 
sugar of lead or basic lead acetate will be outweighed by the trouble and 
loss of time generally entailed by their use. 

c. Orange Chrome 

For producing orange chrome the same raw materials can generally be 
used as for the chrome yellows already mentioned. The composition of 
orange chrome, which in its purest state (chrome red) has the formula 
Pb 2 (OH)j.CrO^, indicates the desirability of using basic lead acetate for 
this purpose. 

Neutral lead acetate (sugar of lead), as already explained, is ca|)able of 
taking up a further quantity of lead oxide (PbO), and then forms (according 
to the quantity so taken up) basic lead acetates containing varying per¬ 
centages of lead oxide. We have already become acquainted with one of 
these, the di basic salt (from 100 parts of sugar of lead and 5}) of litharge), , 
of the composition Pb(C^H 30 ^,)^,.Pl)(). 'I hcre is a still higher stage, the 
tri-basic lead acetate, of the formula Pb((.'jH,,Oj)/2PbO, wliich has taken up 
double the quantity of oxide of lead originally contained in the neutral 
lead acetate used for the purpose. One could also speak of a I j or 
basic lead acetate, corresponding to the formula Pb((’,HjO.^).,|PbO or 
Pb(C^HjOj,)j.l|Pl)0 respectively, the former of which could be obtained 
from 100 parts of sugar of lead and 59/2 = 29'5 of litharge, the other from 
100 parts of sugar of lead and 59 + 29'5 = 88-5 of litharge. If the quantity 
of lead Oxide contained in the basic lead acetate be ex])ressed by n, the 
different shades of orange chrome will be formed according to the equation 

Pb(C,H 30,)3 + »Pb0 + K.CrO, = PbCrO,.aPbO + SKC^H^O,. 

Basic lead acetate contain- Potassium Orange chrome Potassium acetate, 
ing wPbO monochromatc * 

in which, as already shown, the value of n may be from 2 downwards. If 
re = 1 the resulting orange will have the formula Pb,( 0 H) 3 Cr 0 ^j i.e., it 
represents the highest basic lead chromate known as a pigment (see “ Chrome 
Red ”). If, however, we express n by 2, which is also permissible, an excess 
of lead oxide naturally results, which must he avoided, since it exerts an un¬ 
favourable influence on the brightness of the resulting orange chrome. 

Pb(Cy^,\.2PbO + K,CrO, -h H,0 

Tri-baiiic lead acetate Potassium monochromate Water 
PbCrO,.Pb(OH), + 2KC,H/X + PbO. 
baric lead clirouiate Putaesiuiu acetate 'Lead oxide (excess) 
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To avoid lliis excess of lead oxide the above enuatiou should be modified as 
follows: 

IM)((',n/y,/2l'I.O -h n_Kfvi\ + 

I«‘a(i acrtiUr rmassiiitu iiiniiix'lirdiiiali' \Vah:r 

- lJ.Pl>Cr(VijPb(()II)^ + “KCJI.O^ + K(()II) 

li l«‘ail (•lironiiiti! iNita.'siuni aerial'* CniHlir ]ti*la.<li. 

Olv more simjily still: 

P1)((’JI,()^)/JP1)(()1I), + Uh\.(’iO, 

1 lead arrlah* Ir«ila><iimi iiHiiiijrlinaiiali* 

- U(i*b,(<)nx,Ci<),) + t- K(()n) 

OiMiii:'- rliroiiir i‘<)(as<Mnii Caustic pnliish. 

'i'lw imxiuction of orange cliroine accorilinjf lollic above formula is I’easible 
. in practice. On precipitating in the ctihl a striking phenomenon will be 
observed, vi>5., tile fonnatitni of a slimy preeipilate on adding thefiolution 
of jHdassiimi numoehroinate, '.vliieli preeij)ilate exhibits the eliaraeteristic 
pale yellow ^liade of normal lea<i ehromate (PbCrO,). At all e\ents it must 
be etni'idered as sueli, although the e(»lonr is less brij'lil and apparently 
dulletl by the pr(;senee of free lead li\drox.ide. ll is otdy after stand- 
ill;^ for some tinu* that the mixture ;;ratluaily uecjuires the reddisli shade 
of oran;;e clirnme. At the same lime the preeipitate loses its slimy 
character, shrinks eoiisideraldy, and finally passes ovt*r into the crystalline 
form. 'I'liis traii'-Iormalioii, however, proceeds very nmeli (piieker if 
the preeipilalt* Ix' allowed to bod ; and the oran;;;e ehroiix* sliath* will 
appear at once if llie raw materials are treated at boilin;^^ heal from the 
beginniii^r. 

rile entire behaviour of the lead ehromate preeipitated under the above 
conditions leads to the opinion that in tlie first stage of the production 
of orange elirome noriiml lead ehromate (I’bC'rO^) is formed along with free 
lead hydroxide. The latter in this case acts at boiling Iieat exactly in the same 
way as caustic alkalies, i.c., abstracting half the chromic acid from tlie chrome 
yellow, and tlicrcby causing the fiamation of the red orange chrome (see 
below). 

'Phe same process also affords tlic possibility of producing, direct, all 
shades and members of the orange chrome series inlcrmeiliate betwe<*n dark 
lemon chrome and pure basic lead chromate. l or this purpose, however, 
the value of » must lie taken as less than unity. In this <’ase, by using a 
basic lead Hcetate containing less lead oxide, and, con.scipienlly, more acetic 
acid, a lo.ss of acetic acid will be incurred by precipitating with potassium 
monochroinatc. Hence the paler orange chromes olitained by this means 
cost more to produce tluin the darker shades, on account of the lower yield 
obtained. 

'I'lie caustic alkalies and tlie alkali carbonates bave the property, as 
already mentioned, of depriving normal lead chromate of one half 
Its chromic acid, thereby converting it into the basic compound, orange 

K 
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chrome. The chemical reaction proceeds in accordance with the following 
equation: 

2PbCrO, + 2NaOH = PbCrO,.Pb(OHL + Na^CrO, 

Normal lead cliifoiiiato Caustic 8<ida basic lead chromate Sodium inonochromate. 

Tlie resulting orange chromes become more reddish in shade in propor¬ 
tion as the influence of the caustic alkali is more powerful ami the more 
completely the conversion into the basic compound is effected. 

The recovery and utilisation of the sodium inonochromate formed in this 
process as a by-product is a difficult matter. On the one hand, the orange 
chrome tenaciously retains tlie dissolved monochromate, perfect separation 
being therefore impossible, even by repented washing. On the other liaiul, 
the monochroinate liquor is mostly of such divergent and variable composi¬ 
tion that precipitation witli ha.sic lead acetate for the purpose of utilising 
the solution in llie production of orange clirome invariably gives products 
of another shade. For these reasons the aforesaid behaviour of caustic 
alkalies toward norma) lead chromate can only he technically applied in 
producing orange chrome when the resulting loss of cliromie acid (in the 
form of sodium chromate) can he prevented. 

'I’his, liowever, may he done both directly and indirectly—directly by 
adding a corresponding quantity of caustic alkali to the sodium mono- 
chromate before precipitation ; indirectly by suitable treatment of the afore¬ 
said lead sulpliochromate with caustic soda. 

In the former case the process rests solely upon the use of sugar of lead, 
and therefore is not an advantageous one, owing to the resulting loss of 
acetic acid. This circumstance al.so explains why the method is hut very 
little used for making orange clironie. It chiefly rests on the formation of 
lead hydroxide, wliicli is jirecipit ited along witli normal lead chromate from 
the solution of sugar of lead by an excess of caustic sotla jiresent in the 
sodium inonochromate, this lead hydroxide acting at high temperatures 
in the same way as free caustic alkalies. The process is therefore manifestly 
the same as when tri-hasic lead acetate is taken as the raw material (see 
p. 141'). Judging from tlie observed behaviour of the resulting lead chromates, 
it may be concluiled that a means is hereby afforded for producing good 
orange chromes indirectly from normal lead chromates by suitably treating 
the latter with caustic alkalies without loss of monochromate. The means in 
(jiiestion is the possibility of fixing the abstracted chromic acid by lead 
oxide. The observation, already recorded, that the formation of orange 
chromes from tri-hasic lead acetate and sodium monochroinate is accom¬ 
panied by the decomposition of the first-formed normal lead chromate by the 
simultaneously formed lead hydroxide leads to the supposition that one half of 
the molecule of chromic acid in the lead chromate is more firmly combined 
with the lead oxide than the other half. Tliis opinion is confirmed by the 
behaviour of the lead cliromate in certain other respects. Bearing in mind 
also the well-known fact that lead sulphate is able to bind considerable 
quantities of chromic acid from alkaline chromate solutions, all the necessary 
factors are present for the conversion of the lead sulpliochromates into 
orange chrome by suitable treatment with caustic alkalies, without incurring 
any loss of chromic acid. The chemical transposition herein involved is 
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^presumably ns follows*: Tlie lead sulfiliochroniatc is first decomposed by the 
caustic alkali into basic lead chromate, lead sulphate, and alkali mono- 
chroinale, the lead sulphate and the inonoehromale ilu-n forming more lead 
sulphochromate, tou;elher with free alkali siilpliate. wliieh takes no further 
part in the reaction. ^J'he newly tbrmed lead sulphoehroinate is decom¬ 
posed at once hy the excess of alkali into ha'>i<' lead chromate and alkali 
sulphate. The following ecpiations e\j)lain thc'C reactions; 

(1) yPl)CrO,.Pl)S<), + JNaOIl VUj,0\i)Xr(\ 

J.Ciid siiIplMcliroiii:i(i‘ xula l>a.'ir lt:i(| chroliiat'’ 

■h ‘il'hSO, -I- Na.CrO, 

la-ad siil|»|ialo Soilinin iiioii'x liro.iiali*; 

(2) 2PhSO^ NapO^ PhCrO, PhSO^ + Na^SO, 

sul|ilu)<-hi'iit)i:ite Sexiiuni sulphate; 

■ {ii) PbCr(\.Pl)S(\ + 2Na()H - VhJ^O\\)fvO^ -H Na^SO, 

lA-ad sidpliooliromate (’anstic soda Jiasic lead cliroinati! Sodium HidpliaU*. 

Fwin the above e<pialions it folhms that the (juantity of caustic soda to 
be used depends on the (juantity of lead sulphate in the lead sidphochromafe. 
Chrome yellows containing less than one molecule of lead sulphate to 
one molecule of lead chromate reepnre correspondingly less caustic soda 
for their conversion into orange, so as to avoid a loss of chromic acid through 
the liberation of alkali nionochronmtc. 'Phe resulting orange chrome will 
naturally l)c of a more yellowish shade in proportion as the percentage ot 
lead sulphate in the lead sulphochromate was smaller. The advantage of 
this behaviour is evident, siiu'c it affords the |)ossihility of manufacturing all 
shades, from the j)alest yellow to tlie darkest reid, in the series of orange 
chromes separately, on the basis of exact calculations worked out hcforeliand 

. Though this process is somewhat more expensive on a manufacturing scale 
than the one based on llic direct ])recij)itatioii of basic le/id ac(;tate w’ith 
potassium monochromatc, the results are far more advantageous, 'i'he orange 
chromes obtained are not only much brighter, hut als(» exhibit a very smooth 
and comj>act fracture and relatively high covering power—pr(»j»erlics not 
always to he found in commercial orange chromes. 

'I'he ))raclical performance of the process is unattended with difficulty, 
and docs not rcijuire any special ])lant. The lead suljdioeliromatc must 
first be made according t(» one of tlie formula? given on page l.'iT. It must 
be properly washed, no addition of sugar of lead to the washing waters being 
necessary ; and the fiinslied chrome yellow is afterwards healed to C. 

The content of lead sulphate being known, the (juanlily of caustic jwtash 
necessary for the conversion into orange chrome can ^e calculated accord¬ 
ingly, and added at the prescribed temperature. The conversion into the 
basic lead chromate is visible at once, the chrome yellow ac(|uiring a 
reddish tinge, w hich becomes more and more pronounced alter continued 
heating, accompanied by vigorous stirring. The process may be considered 
as finished when no further reddening of the colour is observed on apply¬ 
ing the contact test to a small sample. Steam is then turned off, the 



>foduct washed two to three times with hbt water, filtered, pressed, aiiS^ri^ 
By usin^thc 'ruble for lead sul])ho('hromates (page 138) the following range 
>f orange chromes cun be j>rodiiced: 


Xo. 

Sugar of 
Lead. 

rotaasium 

HicbrOinatv. 

Sulphuric 
Acid (06® n.) 

Solid CauBlio 
Soila. 

1 pale 

100 

32-5 

3-25 

2-7 

2 

100 

31-5 

3-90 

3-12 

3 

100 

30'6 

4-.55 

3-G-4 

4 

100 

29 5 

5 20 

4-16 

5 

100 

28-.5 

5'85 

4-7 

6 

100 

27*5 

6-50 

.5-2 

7 

100 

26-5 

715 

5-72 

8 

100 

25-5 

7-8 

(>•21 

<) 

100 

24-5 

84.5 

6-8 

10 

100 

23-5 

9-10 

7-3 

11 

100 

22-5 

9-75 

7-8 

12 

100 

21-5 

1040 

8-32 

13 

100 

20-5 

11-05 

8-84 

U 

100 

19-5 

11-70 

9-4 

I.") dark 

100 

18-5 

12 35 

10 


'I’he preparation of orange chrome from basic lead chloride obtained as 
described on page 133 is both .advantageous and furnishes products distin¬ 
guished by special brightness of shade and low specific gravity.' In the 
production of basic lead chloride from litharge and common salt caustic sod« 
is obtained as a by-product, and this alkali, on the mixture being heated with 
potassium biolironiate,effects the emiversion into orange chrome, with forma¬ 
tion of lead chr<unates. In proportion, now, as this free alkali is neutralised 
witli any mineral acid, paler orange chromes will be obtained by preeipilaling 
the mixture with p<dHssium bieliromale, because in addition to the l)asie lead 
chromate a certain (juantity of normal lead chromate is prceipitnled at the 
same time, this latter correspondingly shading the resulting orange elirome. 
'J’he caustic soda is neutralised with liy<lroehloric acid or nitric acid, the 
former, however, being preferred on account of its lower ju ice. 'I’lic regu¬ 
lations whicli imi.st be borne in miiul in the mamifaeture of orange chrome 
from basic lead chloride are the same that aj)})]y to all the basic lead 
chromates, and need not be reca})itu]aled. 


d. Adjiiucti 7nm‘d mih Lead ChronutieH 

'I'he chromes are put on the market in a pure state (termed “chemically 
pure") as well as mixed with white adjuncts. As it is impossible to obtain . 
sulj)hur and |)a]e lemon chromes without a certain proportion of lead 
sulphate, it would be incorrect to exclude these chrome yellows from the. 
former category, provided they do not contain any other adjunct. Colour 
manufacturers therefore |)ut these chromes on the market as “chemically 
pure," and consumers acce|)t them as such unless the content of lead 
sulphate in these yellows exceeds a certain limit, though, of course, the 
term “chemically pure" is not strictly correct. The adjuncts used by the 
manufacturers for the various chromes with the idea of reducing the cost of 
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• |>ro(luctioii are usually limited to barytes, gypsum, or chiim clay (kaolin), ‘ 
more rarely calcined dialomaceous earili, of which latter the lighter chromes 
in particular can hold a surprising <|uantity without the shade being 
aflfeeted in the least. I’he case is very diflercnt, however, with dark lemon 
chromes, and still more with the orange shades. Th(''addition of too much 
white material to these chromes is rapidly detrimental, as the colour is 
reiulered dull and pale, owing to tlie rnoia? erystalline cliaracler of these 
chromes, as compared with the sulphur-eolourcil ehromes, not allowing of so 
intimate a mixture with while subslaneos. 'riiis eiremnstanee is specially 
noticeable when the chromes arc iinished in .square or round cake s. 

'I'he practice of adding l,wryles to pure chronus is as general as the 
use of gypsum, although the lower sj>ecific gravity of the latter ren<lers it 
more suitable for this ])ur]>ose. 'I'rue the ehnmn s will hold twice as 
much barytes as gypsum to form tlic same strength of shade in the mixed 
product, but the resultingpi«;im nts ar(! very heavy, and no eheaper, l)arytes 
costing twice as mueh ns gypsum: An addition of eliina elay is advisable, 
especially lor the very pale sulphur sliades of chr<une, the colour being 
thereby softened and acquiring a more greenish tinge. Neverllicless, 
the addition of china clay must not be puslu'd loo far, since llie resulting 
chromes are f»f a greasy nature, especially when in lump form. 

While dialomaceous earth can <a»ly he mixed with the pure cliromcs 
in an extremely hue stale of division ; and even then it is u-^ed for the sole 
purpos<‘ of giving the colours a specially small specihe gravily. 

The addition of these white a<ljiincts to the lead chromates can he 
effected either in the dry or in the wet slate. 

Jii the. former event the operation is preferably carried on .in an edge 
runner mill, which undoubtedly docs the work most quickly and effec¬ 
tually. 

Ill most cases, however, the addition is made in ft more practical manner 
—n.ainely, just before or after llie preci[)ilation of the chrome. With 
barytes, china clay, and dial<unaccous earth this will be quite immaterial. 
Gypsum, how(“ver, must always be added after the precipitation, since 
otherwise it would combine with the sugar of lea<l to form lead sulphate 
and calcium acelaU*. 

All the matcri.ils must be diluted beforehand with water to a thin liquid 
mass, and in this stale added through a fine silk, hair, or metal sieve to the 
liquid chromate in the tank, continued stirring being essential to secure- 
intimate admixture. 

Of course the mixed yellows obtained in this manner arc sold at lower 
prices by the manufacturers in proportion to tlie quantity of adjunct used.' 
They are put on the market under the names new yellow, Paris yellow, 
Baltimore yellow, American yellow, ike. 

Chalk may be used as a diluent in dark shades of chrome only, since it 
has an alkaline reaction on account of its content of caustic lime. It would 
; therefore darken ligiit shades. 

' ' To distinguish ‘^pure ' from ‘‘ordinary” chrome yellows a sample is 
boiled with hydrochloric acid. Pure chrome yellow dissolves eomjilctely to 
a green solution, long needles of lead chloride crystallising out from the^ 
liquid when cold. 

Ou the other hand, the presence of an insoluble residue indicates add^d 
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China clay, barytes, &c. Adjuncts—e.^., gypsum—soluble in hydrochloric 
acid must be detected bycliemical analysis. 

When litharge is used as a raw material this should be tested for its 
content of metallic lead and copper. Metallic lead may cause very serious 
inconvenience to the consumer in working up the colour, whilst copper even 
in small quantities exerts a very considerable inHuence on the shade of pale 
chromes. I'he presence of acid adhering to the chrome yellow from the 
manufacturing process will have a most disadvantageous ellect in most cases. 
It gives rise to considerable didiciillies in grinding with oil and varnish, and 
acid chrome yellows (from Krems white) are specially feared by litliographic 
printers, since they not only fail to give a clear impression, but are also 
liable to corrode the sketch on the .stone. 

As lead colours, the chromes arc sensitive to the influence of sulphur in 
tlie form of sulphides. They must not be exposed to an atu>os})here con¬ 
taining sul])hur, or be inix.ed with certain colours, such as ultramarine 
vermilion, lithopone, or cadmium yelloW, all of which contain sulphide 
sulphur. In certain cases, therefore, these generally useful pigments must 
be discarded and replaced by zinc chrome. 

The cohmring power of chrome yellow is best determined on the basis of 
C€a])acity for taking up l^•^ssian blue—rc., its power of forming green. Of 
course, this test entails the use of standard comparative samples made with 
chrome yellow of known j>urity, and the same brand of Berlin blue must be 
used in all the tests. 


3. Naples Yellow {Keapdgdh, Jminc dc. Naples, (jiallolhio) 

Naples yellow is a combination of antimonic acid witli lead oxide, the 
shade tlepending oi\ the presence of a larger or smaller excess of free lead 
oxide. Apart from its sensitiveness to gases containing sulphide sulphur, 
Naples yellow may be considered a very last colour, a condition determining 
its considerable use as an artist’s colour. The commercial article is gra{le(i 
into about six shades, ranging from a peculiar pde greenish yellow to ])ale 
orange with a tendency to pink. Thi.s difference in shade is due to the 
different methods of production, but especially to the temperature pre¬ 
vailing at the time the colour is formed. 

i'ure acid lead autimonate (uot Naj)lcs yellow, shaded by an excess of 
lead oxide) is obtained by treating lead nitrate with potassium or sodium 
antimonate for some time at boilijig temperature, and calcining the result¬ 
ing white precipitate after careful washing. In this state the resulting 
Naples yellow is at its brightest, but the process is too expensive for general 
employment in practice. 

Another method, producing a very bright product, which is highly appre¬ 
ciated and used, employs potassium antimony tartrate, the well-known 
tartar emetic, as the raw material. The process, which is not a chea|) one, 
relies on the decomposition of the tartaric acid in tlie tartar emetic by the 
nitric acid of lead nitrate. Antimonic acid is formed from the antimony 
oxide, combining with lead oxide to form lead antimonate. The applica¬ 
tion of tartar emetic for producing Naples yellow, though of only recent 
adoption in manufacturing practice, is an obvious method to employ, because 
it enables antimonic acid in its purest state to be combined with the lead 
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oxide. The older process, however, using metallic lead as well as antimony, 
furnished protliicts whose bright appe.uance was spoihal i)y the iron, arsenic, 
&c., accompanying these two metals. In this new |)rocess, wliieh was 
first published by Brunner, 20 parts of lead nitrate and 10 parts ol tartar 
emetic are ground to a very fine powder and mixed very intimately with 40 
parts of finely crushed common salt, tile resulting mixture being finally 
calcined for a long time in a Hessian crucible. Wlten the mass has become 
liquid, after a lapse of time depending on circumstances, any further rise in 
temperature must be avoided. On the otlier liand, however, the product 
must be kept in a uniformly fluid state for the whole of the prescribed period. 
At the end of two hours it must be removed from the fire, cooled, and 
the liard mass washed with hot water. Tile colour is afterwards ground 
fine in water and rewashed several times. The calcined product will be 
brighter and harder in jiroportion as the timiperature employed was higher, 
softer and more reddish under converse conditions. Tor tins reason it 
is very difficult to obtain a given shade with certainty in all cases ; but the 
process has the advantage of furnishing the best N.a|iles yellow obt.dnalile. 
Of late Naples jellow is preparerl in a still more simple manner by roasting 
antimony oxide .and ])ure litharge, the influence of the temperature of the 
roasting process being generally the same as mentioned al)ovc. The pro¬ 
cess is considered to be the eheajrest at present known, and with e.ircful 
manipnl.ation enables any given sh.ade to bo produced. Amongst the 
older methods of producing Naples yellow the following are worthy of 
mention : 

(1) Three parts of potassium antimonate, 12 parts of finely ])owdcred 
white lead, and 1 part of ammonium chloride (sal ammoniac) are mixed 
together intimately, and calcined in a Hessian crueihle fin- about an hour in 
accordiniee with the foregoing directions. 

(2) l-'ortv-inne jrarts of lead, 11 parts of antimony, and 3 parts of 
acid potassium tartrate ; or 

(3) Tliirty-two parts of lead, 17 ()art.s of antimony, and :i parts of 
.acid potassium tartrate; or 

(4) Kleven parts of lead, 4 parts of antimony, and 2 parts of acid 
potassium tartrate are roasted togetirer in such a manner that after fusion 
the metals can be oxidised by means of atmospheric oxygen, the resulting 
antimony oxide being then completely transformed into antimonie acid by 
tartaric acid. On a small scale the roasting process is preferably carried on 
in fireclay muftles. 

(.'>) A pulverised alloy of 2 parts of lead and 2 |)arts of antimony is 
intimately mixed with .'i parts of saltpetre and fi |)arts of common salt, 
and calcined in the aimve described manner in a Hessian crucible, the salt¬ 
petre furnishing the oxygen for oxidising the metals, whilst the common 
salt serves as a Hux and prevents the mass from baking together. The 
cooled calcined product is then pulverised and washed several times with 
hot water. 

All Naples yellows obtained by the older processes described generally 
exhibit the same characteristic properties. Owing, however, to their vari¬ 
able eompositiou they usually dift'er considcral)ly in shade owing to the 
fluctu.atmg excess of one of the ingredients of the flidshed compound, 
the lead oxide, as already mentioned, being the most ileeisive factor 



-colour; MAmrFACTURE' 

influencing the shade. When the colour has been dulled by a consklfer- *- 
able excess of lead oxide it may be brightened again by treating it with 
very dilute hydrochloric acid to eliminate part of the superlluous lead 
oxide. 

Naples yellow is inferior to the chrome yellow in colouring power, but 
more permanent than the latter, althougli it may darken a little in course 
of time, especially when contaminated with iron, tin, or zinc. It must not 
be ground with iron mills or rollers. 

Mixed with oil or size, it appears darker than when dry, and thus ex¬ 
hibits in this respect a certain similarity with glazing colours; it dries 
quickly, and gives pretty chamois sliades. It is specially used for painting 
in oils, as well as on glass and porcelain. Adulteration is occasionally 
practised with ochre or basic lead chloride. Hydrochloric acid and nitric 
acid act on it only with difficulty, and furnish a colourless solution. 

1'. Cadmium Yellow {Caihimmgdb, Jumc dc Cadmum) 

The different yellow pigments met with in commerce under this name 
are all, without exception, the same compound of the metal cadmium with 
sul}>hur, cadmimn moiK)sulphlde, CilS, which differs in shade according to its 
physical condition. There are four to six shades of cadmium yellow, ranging 
from lemon to deep orange. They are all very bright, of good covering 
power, and therefore strong pigments ; very fast to light, and by virtue of 
their composition almost absolutely permanent unless mixed with some other 
colours capable of acting chemically upon them. These (pnilities place the 
cadmium yellow in the front rank, but the very high price of metallic cad 
niium, whicli is very seldom found native, precludes the possibility of making 
these colours cheaply, and they are consequently very high in price. 'Phe 
use of cadmium yellow, therefore, like Naples yellow, is, with few exceptions, 
confined to artist’s colours or litho and art printing, ike. 

By ])recipitating soluble cadmium salts with sulphuretted hydrogen four 
modifications of cadmium sulphide can be produced, only two of which form 
the commercial cadmium yellow. The pure lemon modification is obtained 
by precipitating neutral or slightly acid soluble cadmium salts, the darker 
shade, resembling red lead, being produced by precipitating soluble acid 
salts of cadmium with sulphuretted hydrogen. Instead of the latter, which 
is difficult to work witli in practice, the precipitation can be effected with 
sodium sulphide, this giving exactly the same result whichever method be 
used. Care must always be taken to employ cadmium salts free from zinc, 
otherwise the shade of the resulting cadmium sulphide will be made paler by . 
the }»rcseiice of zinc sulphide. 

L’niess commercial cadmium siilj)hate be preferred, this .salt can be 
easily prepared by dissolving metallic cadmium in siiijdmric acid. I’or this 
purpose the crushetl metal ingots must be suffused with dilute sulphuric 
aeni, in which cadmiiini readily dissolve.s, with liberation of hydrogen. The 
solution must be conceniratcd to accelerate tlie crystallisation of the salt. 
After being allowed to cool by long standing, cadmium .sulphate separates 
in the form of large, Iiard, colourless crystals. When, in order to obviate' 
the evaporation of the solution, it is used direct for the precipitation, care^ 
piust be taken that it contains no excess of sulpluiric acid, but is perfectly . 




'iieutral. The crystals must he dissolved in water and the solution very 
considerably diluted with water, after which it is treated with a solution of 
sddium sulphide under continued stirrinjj so lon^f as a precipitate of yellow 
cadmium sulphide continues to form. 'Phis point bein)^ reached, the pre¬ 
cipitate is allowed to settle down ; the clear supernatant water is removed, 
and the colour washed several times with ptire water in the usual manner. 
The preeipilate is filtered, pressed, and dried. In this manner the lemon 
modification of cadmium sulphide is obtain<*d. 

'Pile manufacture of the darker brands of cadmium yellow is ijenerally 
effected bv the dry method, cadmium carhonate bcinjf taken as the raw 
material. 'Phis Is intimately mixed in a finely pulverised state with l»alf its 
own weight of flowers of sulphur, and tin’ niixtiire is then lu’ated in 
a Hessian erueible. 'Phe mixture is best <-harged in small prn’tions, and 
if llu’ resulting yellow does not turn out l)righl enough the heating 
may l)e repealed, without any ill effect, in pr<’senee of a further a(ltlili«ui 
of sulpimr. Aft<T re-cooling the product is pulverised in the ordinary 
manner 

('adinium earbiuiate is obtained by precipitating a solution of cadmium 
sul|)hate wilh sodium carbonate (soda), and wasliing the precipitate, which 
must then l)c filtered and dried. 

Sodium sulphide, used in making eaduiium yellow by the wot method, 
can be obtained in commerce, and no advantage is gained by making it one 
self. It must be always used in a fV<‘sli state of solution, the latter being very 
liable todeeompose when ke))t. 'Phe reaction oecurring in the precipitation 
of cadmium sulphate wilh sodium sulphide is explained by the following 
equation : 

(!dS(), + Si\fi CdS 4- Xa^SO, 

Cadtiiiuni siil|'li!it(‘ Soiliiiiii siil|)!iiii<‘ (‘aihiiiiini siilphiilt' Sodium !ud|)lt:iti‘. 
The latter is eliminated hy w.'ishing. 

When a solution of ehl(nlde of sodium is electrolysed wilh cadmium 
electrodes, and sulphuretted hydrogen simultaneously introduced, a very 
intmise cadmium yellow is also |)rodueed. All varieties of eadmium yellow 
need to be washed tliorougbly. They cover well, and can be used as water 
or oil colours, but dry sbiwly. 'Plie <larker shades are the more permanent 
ones, the lighter becoming somewliat faded in time. 

Mot strong hydrochbu’ic acid dissolves eadmium yellow to a colourless 
li(juid. Chromes are used to adulterate this article, but furni'*li very unstable 
products. Mixtures containing white lead are to be f<nind in commerce us 
jaune hrillant (brilliant yellow). 


0 . Cassel Yellow [^lineral Yellow, Veronese Yelloir) 

Cassel yellow has gone out of technical use since the introduction of the 
. far brighter chrome yellows, and is probably not to be found in commerce at 
all now*. It can be preparetl in several ways -for example, by melting 
logetlicr ten parts of litharge and one pari of sal ammoniac (ammonium 
chloride). The laminated crystals of the fused product are scparat(?<l from 
the metallic lead, and after cooling down ground with water to a very 
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fine paste, winch is pressed and dried. Basic lead chloride obtained by 
treating litharge with common salt also gives, when calcined in the dry 
state, a colour similar to Cassel yellow. This was formerly known under the 
name Turner s ifcUow, but has now been discarded altogether. The probable 
formula of Cassel yellow is HbCI.„7PbO. 

(). Orpiment, or King’s Yellow 

The product known under this name is arsenic tri-sulphide, with the 
formula As^S,. It is also found native, the mineral being called orpiment, or 
auripiginent. It is obtained artificially by melting arsenic acid with 
sulphur, or by the distillation of a siiilablc mixture of pyrites and arsenical 
ores. As a by-product orpiment is formed in more or less considerable 
quantities in the roasting of arsenical pyrites in metallurgical works, on 
which account it has never figured as an actual product of the colour 
manufacturing industry. The consumption of arsenic suljdude as a pigment 
was already very limited before the lead chromates became known, and it is 
still more so now, since the arsenical colours are disappearing more and more 
rapidly from the market on account of their very poisonous charact(fr, so that 
little, if any, is still used. King’s yellow may possibly be. useil in some 
cases still as an artist’s colour, but, if so, it is more from habit than for its 
technical value; for other purposes it has become a negligible quantity. 
Hence it is merely as a matter of form that we now mention briefly some 
methods for producing orpiment. By the wet process it can be oblained: 
(1) By precipitating a hydrochloric solution ofarseniousacid witli siilplmretled 
hydrogen; or (‘.i) by boiling a solution of arsenious acid in hydrochloric 
acid with sodium thiosulphate; or ('i) by decomposing sodium sulpharscnute 
with dilute acid; and, finally, (t) by precipitating a solution of arsenious 
acid in caustic alkali with sodium sulphide. 

Whilst orpiment has an orange-red shade, another compound of sulphur 
and arsenic - namely, realgar, AsS -is pure yellow. Tliis compound also is 
found native. 

7. Indian Yellow, Cobalt Yellow [AureoHn, Jaune ludien) 

This colour loo, which probably has the formula Co(NO^) 3 -!-.'iKNO^, is 
only used as an artist's colour, on account of its high price. For its pro¬ 
duction an acetified S"lution of cohaltous nitrate is treated with a solution 
of potassium nitrite, the precipitate being washed, filtered, pressed, and 
dried. 'Phis colour is not very fast to air and light, but is unaflected by 
sulphuretted hydrogen. 

8. Siderin Yellow {Basic Ferric Chromate, Fe.J{CrO^\) 

A pale orange colour of low brilliancy, and therefore only used to a 
limited extent as a water-colour. It is formed by heating a solution ol ferric 
chloride witli potassium bichromate. Tl)e precipitation is, liowever, incom¬ 
plete. No special superiority as compared with otlier yellow mineral colours 
can be claimed for siderin yellow, but its proj erty of cojiibining with water-' 
glass (alkali silicate) to a cement-like and extremely durable paint is 
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valuable for certain purposes. It can be easily imitated by mixing clirome 
yellow with natural yellow iron pigments Siderin yellow is fast to air and 
light, except that it turns slightly brown. 

9. Barium Yellow, Barium Chromate, BnCrO^ (Yelhw Ultramarhu’) 

'Lhis colour, also known as SfeinhiiUer ye/hw, is prepared by precipi¬ 
tating a liot solution of barium cliloride with neutral sodium potassium 
chromate, barium yellow coming down as a sulphur-coloured precij)itate. 
After washing it forms in the dry state a delicate sulphur-yellow powder, 
deficient in brightness and of insignificant covering power, and is therefore 
of no value as a pigment in the true sense ot the word. A more important 
application of barium chromate is in the manufacture of matches, where it 
partly replaces potassium bichromate in making the igniting composition. 
Barium yellow is a very fast colour. 

10. Tin Sulphide, SnS.^ 

The appearance -similar to metallic gold-- of tin sulphide classes it 
rather with the bronzes than with the colours,” and, in fact, before the 
introduction of metallic bronze powders it was used exclusively to imitate 
gilding on wood, metal, plaster, \c. In an unpowdered state tin sulphide 
forms Hakes or spangles of a metallic lustre and a soft golden yellow, some¬ 
times brownish yellow, colour. Its manufacture has only been successful 
in the dry way, several methods, all very much alike, being used; 
for instance, 40 parts of finely powdered tin and ‘iO parts of mercury 
are amalgamated at a moderate heat, the resulting amalgam being 
crushed to a fine jmwder and mixed with 2'.i parts of Howers of sulphur 
and 20 parts of powdered sal ammoniac. 'l‘he perfectly liomogeneoua 
mixture is next heated in a glass retort or flask (placed on a sand 
bath to ensure uniform heating) for about two hours, beginning at a 
moderate heat and raising the temperature afterwards nearly, though not 
quite, to red heat. It is important not to get the mass too hot, and to 
avoid this sal ammoniac and mercury are added, both of which vaporise 
below the temperature at which the tin bisulphide decomposes into the 
monosulphide. Iron vessels are used, too, when the manufacture is con¬ 
ducted on a large scale. Ammonia is liberated at first, and, later on, the 
mercury sublimes as vermilion, while the tin sulphide remains, partly as a 
sublimate on the walls of the vessel, partly as a solid mass on the bottom. 
After grinding in water and drying the paste, a powder is obtained, which 
represents the commercial form of the product. On account of its resistance 
to the destructive influence which sulphur exerts on metallic bronzes, it is 
still used for bronzing objects which are more or less exposed to dilute 
acids or sulphurous fumes. 

Mention may also be made of: 

Ttingsien yelhw, a deep lemon-coloured powder, obtained by grinding 
fine metallic tungsten |wwder witli fused poUissium carbonate. The filtrate 
from the lixiviated melt is precipitated with calcium chloride, whereupon 
calcium tungstate is formed. This must be treated again with an excess of 
hot dilute nitric acid. 



Nickel yellow Is obtained by precipitating nickel sulphate witli sodium . •• 
phosphate. The precipitate is pale green, turning bright yellow at a red 
leat. On account of its great permanence nickel yellow deserves more , 
jxtensive application than it at present enjoys. 


BLUE MlKEEAL COLOUBS 

In comparison with the white and yellow mineral colours described in 
the preceding pages the number of blue mineral colours in technical use 
It the present time is small. They may be divided into the following ' 
groups: 

a. Blue Copper Colours 

1. Bremen blue, consisting essentially of copper hydroxide, Cu (OH)^, is 
used as a decorative colour. 

2. lAmc blue, also called numnUm blue or Nenwied blue, is of very variable 
composition, but essentially copper hydroxide, modified by larger or smaller 
quantities of gypsum, chalk, lime, This colour is but very seldom made 
or required at present. 

b. Blue Iron Colours [Iron Cijamde Colours) 

Bnissian [Berlin) Wat*,‘in its numerous varieties and brands, such as Paris 
blue, steel blue, MUori blue, mineral blue, Iko,, is used in very large quantities. 

c. Ultramarine Blue 

The most important blue colour. 

d. Blue Cobalt Colours 

These groups of blue colours are so different one from another in 
their special properties and ap])lications tliat it is impossible to discuss their 
general application properly witliout having first described the different 
metiiods of manufacture. The reader is therefore referred to the Appendix 
at the end of this section, where all that is worth knowing in this respect 
is fully discussed. 


BLUE COPPEB COLOURS 
1 . Bremen Blue 

The consumption of Bremen blue seems to have decreased in the course 
of the past ten years very considerably, a circumstance that can be suffi¬ 
ciently explained by the introduction of artificial ultramarine and numerous 
blue lakes from coal-tar dyes which are at least equal to Bremen blue in point 
of fastness. Bremen blue is generally classed among the fugitive colours, since 
apart from its somewhat imperfect fastness to lime, it is very sensitive to 
all external influences, especially to sulphuretted hydrogen. Bremen blu^ 
is of a delicate sky-blue shade, with a greenish tinge—a shade that certainlj 



^^ot be exactly imitated-by mixtures of dthet mineral pigments f 
ijs probably on this account that Bremen blue has still a fairly considerable 
application for decorative purposes. Moreover, it has little covering power 
and strength, especially wijen mixed with adjuncts, and can only be used 
as a distemper colour, owing to its low covering power and liability to 
alteration when used with oil. For example, paims made with Bremen blue 
and oil turn quite green in twenty-four hours, the cupric oxide combining 
with the fatty acids of the oil to Ibrm a green copper soa)). 

A great iiumixrr of methods are prictised for making Bremen blue, all of 
them very simj)le in s])ltc of pretended seereev, ami every one of them 
based on the preeipitation <d' copper sulphate with caustic alkali. It will 
thcrefi»re be sullieient to deseribe only two oi' them, which furnish very good 
results. Before entering into details on this point we will first consider 
certain general ruUrs, which in every ease will prove very henelicial in the 
preparation of Bremen blue. 

The ehiet conditions for obtaining a pure blue product are ])ure soi^ 
water and pure materials. If the materials, especially the copper sulphate 
and the water, arc not free from inm, tlie latlt r will be precipitated with 
the copper by the caustic alkali, and the resulting yellow ferric oxide 
imparts to the finished blue a very ilisagreeable greenish shade which will 
be rejected by consumers ; these must therelore he avoiiled. 

'riie precipitation must always he performed at a low temperature 
to lo" Iiighest 5i()° C.), and by pouring the latter solution into the 
other as a thin stream, with eonlinued stirring, The solution o(' alkali must 
not in any case he stronger than 10' B. at the most. 'I'o obtain tlie green 
precipitate eoiitaining alkali sulphate it is always desirable to keep the 
caustic alkali solution as dilute as possible, and eireet the preei]>itation of 
tlie eopp(‘r solution as slowly as feasible. 

Iwu' toning the green precipitate blue the alkali must in no case he 
weaker than ' B. or stronger than B., and he absolutely caild (10'' to 
l.V’ Ill contrast to the earlier stage with the weaker alkali, the strong 
alkali must he added very quickly, the liquid being, of course, kept well 
stirred. 

(ireat care must he taken both in the precipitation of the copper salt 
and ill the subsequent blueing of the green precipitate that no excess of 
alkali is left, and, further, that as soon as the desired blue shade is obtained 
enough water is at hand to enable a thorough washing to he performed at 


'I’hc finished (washed) blue is not allowed to stand a long time, if such 
can possibly he avoided, especially not before or during the washing process, 
since the brightness of the shade is very easily affected. The pale green 
preci])itale siiould by no means stand longer than eight to ten hours, whereas 
if necessary the finished blue, for filtering, will keep in the unpressed state 
. for twelve to fourteen hours (hut not longer) without change. 

The pressed colour in the dryiug-stove does not turn if the tem¬ 
perature there is not higher than IhV' 0., though at a higher temperature it 
..blackens very easily. When, however, the product has been about half 
-dried at C., tlie drying process can then be accelerated, without any 
;^aisadvaiitage to the beauty of the product, by increasing the temperature to 
C. 
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Direct MeUwd 

Since, with the present high prices of raw materials, tlie manufacture of 
Bremen blue is only profitable when very great quantities are made, corre¬ 
spondingly large vessels are necessary for quick and easy working. This 
applies chiefly to the tank used for washing the finished blue. In view of 
the damage caused to the shade of the pigment by delay in washing, this 
tank must be as large as possible in order to accelerate the operation by 
using large quantities of water. 

Of no less importance is the suitable size ofthe vessels used for preparing 
and storing the alkali solutions. The most suitable for this purpose are two 
large enamelled cast-iron pans of different sizes, i)laced close to the working 
tanks, so that there is always a supply of ready made solution available. The 
larger pan is reserved for dissolving caustic soda exclusively, whilst the 
smaller pan serves for diluting the solution with water to the prescribed 
degree of concentration. To allow the solutions an opportunity of cooling 
during the night, the caustic soda is preferably dissolved in the evening. 
Concentrateil solutions (40^ to 4.'>‘^ B.) are desirable, both because concen¬ 
trated solutions, being less voluminous, will cool much quicker, and, on the 
other hand, in the solution from 40'^ to B. a very large quantity of cold 
water is required, so that the reduction of the soda lye to the ])rescribed 
temperature is more certainly secured even when, from any cause, it has 
been impossible to cool the strong lye beforehand. On the other hand, much 
larger quantities of the more or less dilute liquors can naturally be obtained 
from highly concentrated caustic solutions than from weaker solutions; and 
it is important in the inamifacture of Bremen blue to have a certain stock of 
soda lye, to save time in case of a sudilen emergency. 

Moreover, a second tank is needed for precipitating the copper salt with 
the soda lye. 

Apart from metallic copper, the only raw materia] now used in the 
manufacture of all copper colours is copper sulphate, CuSO^-l-.'iHj.O. When 
a solution of copper sulphate is treated with soda lye, until the precipitate 
ceases to increase, basic copper sulphate of varying composition is obtained 
in the form of a voluminous bluish-green precipitate, which sijrinks con¬ 
siderably in drying and forms a fairly dense apple-green powder. On treating 
the wet basic copper sulphate, after removing the colourless liquid, with the 
same solution of caustic soda, the basic compound is deprived ofthe last trace 
of sulphuric acid, sodium sulphate being formed, and copper hydroxide, 
Cu(OH) 2 , of a magnificent blue shade is obtained. 

This reaction forms the basis of the manufacture of Bremen blue, which 
is therefore divided into two stages, viz.: 

1. The formation of basic copper sulphate by precipitating a cold 

solution of copper sulphate with a cold solution of caustic soda, 
density 10°. 

2. Toning the pale green basic copper sulphate blue with caustic soda 

lye, density 28° to 32°. 

FirstSta^e. —The work begins in the morning with dissolving the calculated 
quantity of perfectly iron-free Sw'edish copper sulphate in a minimum of hot 
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water in the smaller tank, and adding cold water until the temperature Has ' 
ihllen to 15^° to ^0'^ C. Into this solution is run, with constant stirring, a thin 
stream of the cold 10° caustic soda lye until a precipitate ceases to form and 
the blue liquid is completely decolorised. For piactical reasons an excess of 
caustic soda must i)e avoided, and the same applies, on economic grounds, 
to the copper sulphate, so that the quantities must be determined exactly. 
This can he done approximately l)y calculation and determined with absolute 
accuracy as follows: When the reaction is almost completed small samples 
of the mixture are dropped on wintc filter [taper. 'I'lie wet zones formed 
around the sjtots are touched with a glass rod wliicli has just previously been 
dipped in a dilute solution of potassium ferrocyniiide. 'Uie formation of a 
brownish-red stain of copper cyanide at the point of contact .shows that the'‘ 
copper sulphate lias not yet been completely precijtitated by the caustic soda. 
By repenting the test the brown-red coloration grows less and less distinct in 
proportion as the amount of copper left in the solution of copper sulphate 
decreases, so that with a little [)ractice tim end poijit of the precijtilaling . 
process can be ascertained with perfect accuracy. 'J'his being done, the 
addition of caustic soda must be sto{)[)cd, though stirring must bo continued 
at least a quarter of an Iiour longer. 'J'he apjile-green preeijiitate is next 
allowed to settle <lown, whi<‘]i will take one and a half to two hours, where¬ 
upon the mother liquor is drawn oH’. 

Second .V/rtge.—The [)recipitate of basic co[)per sulphate thus obtHine<l must * 
now be converted into pure c<q)j)er hydroxide, the Bremen blue of commerce. 
This is effected with the cold solution of ('28° to caustic soda, the apple- 
green cohmr of the precipitate turning to a bright sky blue. For this 
purpose the aforesaid caustic soda lye is achled, a pailful at a lime, with 
continual stirring, and as quickly as possible, samples being drawn at 
frequent intervals to see if the blue toning is progressing. For this purpose 
some of the l)lue colour is dropped on to white filter paper, waiting a few 
seconds until the latter hasahsorbed the colour evenly. A glass rod is then 
dipped in the solution of caustic soda (28° .strength), and applied to the 
colour on the filter paper. If the blue colour is deej)Ciied, more caustic 
soda must be added ; if not, the operation is terminated and the finished 
product is put into the washing tank, whicli is filled two-thirds full with 
j)ure cold water. A qtiick, but careful, washing is given three times at 
least- Since everything depends on the caustic so(la being added very 
quickly, and on the colour being left for only a minimum period in con¬ 
tact with the alkali, the best way to obtain products of uniform shade is 
to note liow much alkali was used on the first occasion a really iiaiidsome 
shade was obtained, so as to have in tliis way an approximate guide for 
subsequent batches. Of course, it is assumed in this case that the same 
vessels and tlie same strength of alkali are used on both occasions. 

The washed blue is filtered, jiressed, cut into oblong cakes, and dried at a 
moderate lemperaiure (about C.) in heated drying rooms. In this state 
the best made Bremen blue is of remarkable Inw density, the latter varying 
inversely with the brightness of the colour. For this reason all consumers 
lay great stress on low specific gravity when buying this article. 

In spite oi the use of a proper temperature in drying, the Bremen blue 
may turn black, or at least dark-coloured, in which event it has not been 
washed with sufficient care, the changes in question being caused by the 



action of residual caustic soda in abstracting water and iratisforinihg tne 
copper hydroxide into black copper oxide. When this occurs the product 
can be worked up again into copper sulphate by dissolving it in a suitable 
quantity of sulphuric acid. Forty parts of Bremen blue will be obtained 
from 100 parts of crystallised copper sulphate and 53 parts of commercial 
(solid) caustic soda. 

Indirect Method 

In this method the basic compound is prepared from metallic copper in 
tlie form of scrap sheet copper of any kind, as well as copper sulphate. 
The raw material for producing the copper hydroxide is not basic copper 
sulphate, but basic copperoxide-copperchloride, is most cheaply obtained in 
the following manner: 

Of finely ground copper sulphate 2ii2 parts are thoroughly mixed with 
225 parts of dry common salt, preferably in a large ball mill, tlie mixture 
being moistened to form a very stiff paste, wliich is j)ut through a roller 
mill to obtain uniform consistency. The two salts undergo double 
displacement, copper chloride and Glauber salt (sodium sulphate) being 
formed. 

CuSO, + 2NaCl = CuCL + Na,SO, 


(;()l)l)er sulphate 


Copper chloride 


This mixture is incorporated witli the finely cut and cleansed slieet 
cop[>er. riie scrap slieet copper, after being cut into equal pieces, is 
cleaned in tightly closed barrels by treating it with dilute caustic soda and 
rolling the barrels for some hours. I'hc barrels are then opened, the 
caustic soda solution is drawn off into a vessel underneath, for use over again 
with a fresh batch of scraps. The cleansed scraps are next thoroughly 
washed with warm water, and treated with dilute sulphuric or hydrochloric 
acid, the barrels being rolled continually for anotlicr ten to twelve hours at 
least. The constant movement scours the small scraps and makes them per¬ 
fectly bright. The acid being drawn off, the material is washed and drained, 
whereupon the scrap metal is ready for use. 'Ihe above quantity of 
common salt and eoj)por vitriol must be mixed Avith 225 parts of w'ashed 
scrap copper—e.e, exactly tlie same weight as that of the common salt. 

'J o form basic cojiper oxychloride the cupric chloride obtained by the 
above process must be left to react on the metallic copper for some consider¬ 
able time in the presence of air. In this reaction the cupric chloride first 
takes up copper, and is changed into cuprous chloride, which latter is con¬ 
verted into tlie insoluble green basic compound l>y taking up oxygen (from 
the air) and water (from the moisture present). 'I’liis process may tak'' 
weeks, or even months, to comjdele. 'J'lie mixture must be spread out to 
dej)th of about one inch, in shallow' oaken oxidation boxes, entirely fre 
from iron fittings. 'Ihe layers must be turned over thorougldy every tw 
to three days, by means of cojiper or wooden sliovels, to aci'clerate tli 
reaction by admitting sufficient oxygen. The main point for ensurin 
favourable results is to make sure that the basic compound does not contai 
the slightest trace of cuprous chloride. In the subsequent treatment wi1 
caustic alkali this would form yellow or red cuprous oxide, which woulu 
spoil the purity of the resulting shade of Bremen blue. Hence special care 
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must be taken to tuiii llie masses in the oxidation boxes thorougldy and at 
regular intervals all through this stage of the process. The oxidation boxes 
are placed in a room where a moderate but invariable temperature is main 
tained—e.g., in a cellar—and the mass turned over as prescribed ; the oxi¬ 
dation will generally be finished in three moiitlis, and the formation of the 
basic copper oxychloride will be comj>lele. This can best be ascertained 
by rubbing a small (juq^itity of the product in a mortar with a large quantity 
of water, and drojjping some of this mixture upon filter paper. The 
potassium ferrocyanide test should give the satne results as mentioned in 
the direct {>rocess— i.c., no red copper cyanide will be formed when the 
operation is complete. When all the cuprous chloride has passed into the 
basic compound the next step is to separate the unoxidised particles of 
copper from the light green mass, j)referal)ly by levigation. Tor this 
purpose the mixture is placed in a cleaning tank and thoroughly stirred up ‘ 
with pure water, the green liquid, containing suspendetl basic copper 
oxychloride, being drawn oft* from the metallic copper, which has settled 
down to the bottom. The liquid is passed through a fine silk sieve so as to 
also retain tlie smallest copper particles, which settle down more slowly. 
After washing the apple-green sediment several times it is filtered and 
allowed to drain completely. 

Tl>e sediment may still contain very minute particles of n>eta1, that will 
traverse even the finest sieve, and lliese may prove very troublesome 
afterw'ards in tlie dried blue. 'I'o remove tliese as well a certain quantity 
of !)ydrochloric acid is added to tlie precipitate, whereby the copper is 
converted into the basic compouud in three to four days. For .‘10 parts of 
moderately sliir paste about A to 1 part of hydrochloric acid ^ 11.) will 
be required. At tlie expiration of this period the mass is washed again, 
once or twice, and finally filtered. To make sure of getting a compound 
free from cuprous salts, the j)rcci})itate must remain in the wet stale on the 
filter for one or two weeks longer, during wliicb time any residual ciiprou.s 
oxide will be certainly converted into cupric oxide, and the subsequent 
toning process will be sure to result favourably. 

This somewhat protracted method is, however, not absolutely essential, 
since the blueing of the precipitate, acidified with hydrochloric acid, can 
be effected after the precipitate has stood for the prescribed time—even 
without washing and filtering—in the manner already explained in the 
direct process. But in this case the absence of cuprous oxide must be 
determined by exact analysis. WJien the precipitate has been exposed to 
a second oxidation process it must be stirred up again with water before 
blueing, in order to prevent unequal colouring through the formation of 
lumps. 

Tlie blueing can be performed in two ways, according as stronger or 
weaker caustic soda lyc is used. In the first case the procedure is exactly 
as doscrihetl in the direct process; but in the other case the operation is 
just reversed. 'Hie precipitatt;, finely distributed in water, is measured off 
4ii pails, each r» parts by volume being treated with 11 parts of caustic soda 
(20° B ). Tliis lye is poured into the toning vat, an<l llie descrilxal pro¬ 
portion of basic copper oxychloride is added at once. After stirring for two 
hours the whole is left to stand twenty-four to thirty-six hours, and is then 
washed, filtered, pressed, and dried at C. 


f. 
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Soth methods give the same result, but the former is decidedly preferable 
on account of its simplicity. 

For adding gypsum, ground pumice-stone, diatomaceous earth, &c., to 
the Uremen blue to produce cheaper brands,these adjuncts arc incorporated 
in the usual manner before filtering the toned and washed colour. Pure 
Bremen blue is readily soluble in acid. 

2. Lime Blue, Mountain Blue, Neuwied Blue 

Altliough tliese colours are now very rarely met with in commerce, and 
therefore manufactured only in very small quantities, they arc sufficiently 
interesting to justify a brief description. 

Lime Blue, which is now replaced by the far more powerful and ecjually 
permanent lakes from coal-tar colours, was formerly j)repared by difierent 
methods, of which the following was the most popular and reliable. In 
this method iron-free copper sulphate also serves as the raw material, 
and llie difference between tliis process and that used for Bremen blue 
consists in carrying out the j)rccij)itation with caustic lime of the purest— 
ne., whitest —grade, instead of caustic soda. Vil* parts of copper sulphate 
are dissolved in hot water, and the solution diluted with cold water until 
the density sinks to 5® B. Hereupon })arts of purely fresh, burned lime 
are made into a moderately thick paste, which is left for a few days and 
frequently turned, so that all the particles of lime are thoroughly slaked. 
More water is then added, and the resulting milk of lime is forced through 
a fine brass sieve, to remove any coarse impuriUes, sand, gravel, 'J’he 
sifted milk of lime is regronnd in a wet mill or an ordinary funnel mill, to 
make it perfectly homogeneous. Meanwhile \:i parts of ammonium chloride 
are dissolved in hot water, and tins solution is added to the copj)er sulphate 
solution and stirred up together. The reason fitr adding ammonium chloride 
will be explained later on. All is now ready for juTcipitatiiig the lime blue. 
This is effected by thoroughly stirring the still further diluted milk of lime 
into the solution of copper sulphate as quickly as possible whereupon the 
blue colour will form at once. After the precipitate has settled down the 
solution exhibits a deep blue sliade and a distinct smell of ammonia, 
both, however, disappearing alter the mass has stood two to three days. 
The supernatatit liquid will tlmn be as limpid as water, a sign that 
the reaction is finished and the colour ready. It is washed in the same 
vat three or four times with pure cold water, filtered, pressed, and dried 
at 35® C. 

The part played by the sal ammoniac in this process consists in the reaction 
with lime to form calcium chloride and free ammonia. The latter dissolves 
tlie slightest traces of copper salts, and thus gives a characteristic beautiful 
blue shade (ammoniacal copper oxide) which constitutes an indication of the 
presence of copper salts. Now it has been thought timt a brighter coloured 
product could be obtained by producing ammonia during the formation of 
the blue copper colours. This is, however, not the case, for the aforesaid 
blue colour of the ammoniacal solution of cupper salt exists only so long as 
ammonia is ]>resent. The increased brightness of the blue (:oj)pC‘r colours, 
obtained by the aid of ammonia, will disappear on drying, owing to tlie volatili¬ 
sation of the causative agent, ammonia. Tiie bright blue supc)'nataut liquid 
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toses its colour after a few days. The reaction in this process will be easily 
understood from what lias been already slated, 'l lie copper hydroxide kept in 
solution b}’ the presence of ammonia is precipitatc<i from the solutitm in 
proportion as the ammonia evaporates (on leaving the vessel uncovered), 
whereupon the loss of colour naturally ensues. The addition of sal 
ammoniac seems, therefore, to be (piite siijierHuous. In fact, tlie process will 
succeed just as well without any sal ammoniac, the resulting shade being 
^uite os bright. 

When lime blue, usually sold in the form of powder, is made up into 
)blong rectangular lumps it is known as Nn/trird h/uc, no doubt with the 
dea of making consumers believe that it is a (liffercnt article. Lime blue, 
vhicl), as its name indicates, was formerly used as a lime colour exclu- 
lively, has very little colouring power, and is of no value at all as an oil 
joiour. 

Mountain Blue. —The endeavour to imitate by artificial means the native 
)asic copper carbonate (mountain blue), w’iiieh has a magnificent bright liiiie 
ihade, but is very dear, owing to its rarity, has resulted in a mnnl)er 
n’oeesses. These have all proved failures, for, as a fact, no copper colour 
las yet been put on the market with the composition or even the brilliant 
ippearance of natural mountain blue. Of all these many processes w e will 
mly mention one, which, though it does not furnish basic copper earbonatc, 
leverthelcss gives a specially brilliant colour, and therefore, in spite of its 
durasiness, merits some consideration. As raw' material for tins j)rocess use 
s made of cupric chloride, prepared by treating e(»ppcr sulphate with calcium 
jhloride. 12.5 parts of copper sulphate are dissolved in 1.50 parts of hot water, 
;he solution having a density of .‘b5'^ B. l6o jiarts of solid calcium chloride arc 
lissolved in K) parts of hot water, giving a 40*^ B. solution, which is used to 
irecipitate the solution of copper sulphate, the mixture being kept w’ell 
itirred. The chemical reaction between the two salts will form cupric 
ihloride, and calcium sulphate (gypsum) settle down to the bottom ((uickly 
IS a solid body wlx'ii stirring is diseontinued. The solution of eupri(‘chiorid(^ 
vS separated from the gypsum by filtering, and the lalb r then washed iuice, 
he washings being united with ll»e main solution. This is next divide<l 
jqually among four tanks, each holding alioul 100 gallons, for further Ireat- 
nent, to produce basic copjier oxychloride. For this purpose 100 parts of 
piieklime are slaked with Ihriee that (juantity of water, and the resulting 
ime paste is worked in exactly the same manner as already described for 
ime blue. When a very finely distrihuied slate has been attained it will be 
•eady for use. Four j)ortions, each of 20 parts, are weighed out aiul added 
0 four portions of the cujrric chloride solution, the whole being w-ell mixed. 
\ sample of the jirocipitate is drawn from the solution ami tested for tin; 
)resencc of copper (with jrotassium ferroeyanide). If copper is found by this 
est more lime must be added and the test repeated until all the cupric 
ihloride has been converted into basic copper oxychloride. Calcium chloride 
s formed In .solution at the same time, and must be separated from the 
jreen preoijritate by decant.ation and filtration. After being concentrated 
o a density of 40° B., the calcium chloride liquor can be used again for 
)fecipitating a fresh batch of copper sulpliate. It is not quite clear why 
^ayen, to whom this method is due, divides the resulting cupric chloride into 
Qur parts for precipitation with calcium hydroxide, as tliis arrangement causes 
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troublesome delay in working, whereas the precipitation can be carried on 
just as well at once and in much less time without affecting the result. 

The basic copper oxychloride having been obtained in this manner, must 
now be converted into the blue com|>ound, which can only be done by stages. 
For this purpose it is first of all necessary to know tlie percentage of water 
in the green ])asty sediment. A .small quantity, about 100 grm., is 
weighed out and dried; the difference between the first and final weights 
gives the percentage of water in the jraste. Next a sufficient quantity of the 
precipitate must be wcighe<l to furnish 22 Ihs. of dry matter, which is spread 
out in a tub and treated with 2| lbs. of the above milk of li>ne, well stirred 
in, followed at once by 11 pints of a 1.5^ B. solution of potash, also kept well 
stirred. Finally the blue mass is groui»d in a funnel mill to obtain a uniform 
shade. In the meanwhile lbs. of copper sulphate are dissolved, and half 
that quantity of sal ammoniac, each separately in seven pints of water. These 
two solutions arc added to the colour after tlie latter has left the mill. Each 
portion is filled into a large bottle, and kept three to four days hermetically 
closed. Tlie rest of the stock of green jiastc is treated in the same manner. 

Four days later all the bottles must be opened, their contents poured into 
a vat, ami the whole mass waslied three or four times with cold water, filtered, 
pressed, and dried. 

On considering this process more closely, the blueing with potash and 
lime seems to rest, at least to some extent, iqion tlie action of the liberated 
caustic potash. 'Hie subsequent addition of copper sulphate seems merely 
for tlie purjiose of compensating the excess of caustic potash, which is liable 
to be formc<l under the somewhat haphazard system necessarily adopted in 
view of tlie always unknown quantity of active potash present. 'I'hei efore 
the blueing of the green precipitate can also be directly performed with a 
strong solution of caustic soda, as mentioned in the case of Bremen blue. 
In fact, the same jiroduct will be obtained both in appearance ami composition; 
for neither the addition of potash nor the useless action of the sal ammoii'ac 
ju.stifies the supposition that Payen's metiiod will furnisli basic copper car¬ 
bonate— i.e., a product equivalent to natural mountain blue. Nevertheless it 
gives a very good shade of colour, and tlie cheap method of jueparing basic 
copper oxychloride (owing to tlie recovery of part of the calcium chloride) is 
worthy of note. 

Mention may be made briefly of the so called Oil blue, copper mono¬ 
sulphide, CuS, of a very pretty bright blue shade. It is, liowever, very 
sensitive, and can be worked only with linseed variiisli, which forms a 
protective envelope for the colour. It i.s obtained by putting fine copper 
filings or wire scrap, free from oxide, into boiling sulphur until very little 
excess of sulphur remains. This operation is performed in glass retorts, 
which must be smashed wlien the process is finished. The cake of colour 
obtained in this manner must be boiled with caustic soda to remove the final 
traces of sulphur. If the operation has been properly carried out the mass . 
shows a pure blue shade throughout. Black patches appear in the mass when 
too much copper has been used. 

Copper hydroxide obtained by simply precipitating copper sulphate with 
caustic soda in cold solution is used by decorators as a water colour. 

Generally speaking, however, the blue copper colours are of no practical 
importance to-day. 
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h. BLUE PERHOCYANIDE COLOURS 
Prussian Blues (Jkrliti and Paris ii/ae) 

The manufacture of this extremely important ^frouj) of colours is be¬ 
coming more and more restricted to special blue works, or the very largest 
general colour manufactories, on account of the very extensive plant reejuired 
and the fact that the process is only profitable wlien carried out on a large 
scale. '1 he extremely fine state of division necessary for the different pre¬ 
cipitates in order to obtain products capable of liolding their own on the 
market requires very large tanks, whilst for the same reason the finished 
colours .settle down very slowly indeed in the washing jwceess, which for 
these colours has to be repeated more frequently than with any others, this 
stage often taking weeks to complete. On the other hand, the filtering and 
even the pressing of the washed colours are rendered very troublesome and 
protracted operations. 

Owing to the ditlicnltics of the manufacturing process, it is necessary in 
order to be able to turn out a certain quantity of colour at regular intervals 
to have a very extensive plant, so that several operations can be performed 
simultaneously. This applies particularly to the washing of the colours, for 
which purpose the number of wasliing tanks must be increased in order to 
maintain continuity of prodnclion. 'Ibis naturally implies a considerable 
inerease in working space; and If in addition the liieli price of the most 
important raw materials be borne in mind, it is evident that large capital 
is needed for carrying on such a business profitably—a eircumstanee suffi¬ 
ciently explaining tlie existence of special factories for making these 
colours. 

The raw material used in the manufacture of Prussian blue is tlie yellow 
prussiateof potash (potassium ferrocyanide), K^FeCy . 'I'lie colour is formed 
direct by precipitation witli a ferric compound. 'Flic ferric salts most largely 
used for this purpose are ferric sulphate, Fc^(SO,),,, and ferric chloride, 
Fe,Cl,., both readily soluble salts. 'I'he chemical reaction occurring in the 
precipitation is explained by the following equations : 

1. aK.FeCy, + 2Fe,(S(),), - Fe,Cy„ -f- 

Vota8.-<ium ferroeyanido I'Vrrio sulphato Pnissuni blue Potassium sulplmte ; 

Or 

ii, ■‘lK,l -eCy, oFe^Cl, = Fe^Cy,^ + itiKCl 

Potassium ferrocyanide Ferric chloride Prussian blue Potassium chloride. 

The Prussian blue (potassium ferri ferrocyanide, ilFeCy^ -P 4FcCy, 
= FcjCyig) obtainetl by this metfiod is also known as neutral IVussian 

blue. 

'rile same product is obtained indirectly by precipitating ferrous salts 
with potassium ferrocyanide and oxidising the resulting white precipitate 
of ferrous ferrocyanide with any suitable oxidising agent. Wlielber, however, 
the precipitate known as white paste” is really ferrous ferrocyanide is not 
at all certain. Ferrous sulphate FeS0^.7fU() is almost the only soluble 
ferrous salt used for this method, ferrous chloride FeClj being also, thtugh 
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rarely, employed. The formation of the ferrous ferrocyanide is explained 
(if it really occurs at all) by the following equations: 

1. K,FeCy, + SFeSO, = Fe.FeCy,, + 2K,SO, 

Fotiissimn ferrocyitnide Ferrous sulphate Ferrous ferro* rolusaium siilplmte; 

cyanide 

Or 

2. K,FeCy„ + 2FeCl, - Fe.FeCy, + 4KC1 

I’otassium ferrocyani<le Ferrous cliloride Ferrous ferro- rotussium cliloride. 

cyanide 

A number of oxidising agents can be used for oxidising the white precipi¬ 
tate of ferrous ferrocyanide, ^^(FeCy^) = FcyFeCy,., but in practice these are 
restricted to such as are cheap anti at the same time give the brightest 
shades. The following arc mostly used : 

1. Sulphuric and nitric acids. 

2. Ferric sulphate. 

3. Ferric chloride. 

4. Chlorine (blcaching-powder and hydrochloric acid), nilro-hydrochloric 
acid (aqua regia). 

5. Fotassium bichromate and snljiliuric aciil. 

6. Fotassium chlorate and hydrochloric acid. 

It may also be remarked that pcrsulphuric acid produced by the electro¬ 
chemical process might be a useful oxidising agent, as also the perchlorates. 
It is, jierhaps, not impossible to use the electrical current directly for the 
same pur})ose. In all cases the chemical reaction is based on the oxidising 
agent taking away two atoms of iron from three molecules of FejFeCy,,an<l 
forming the corresponding ferrous salt, together with the deep indigo-blue 
ferric ferrocyanide (Prussian blue). The following equations rej)resent the 
reactions occurring with the aforesaid oxidising agents : 

1. With sulphuric and nitric acids— 

3Fe,FeCy, -H 2H,SO, 4HN()., 

White precipitate Sulplniric acid Nitric a<'id 

= FejCiy,^ + 2FeSO^ + 4H,0 + 

Trussian blue Ferrous sulphate Water Nitrous acid. 

2. With ferric sulphate— 

Sl’ejFeCVf, + al'ej(SO,)j = l’'e,Cy,s + 6FeSO, 

Ferric sulphate Frusaiim blue Ferrous Hul[»liate. 

3. With ferric chloride— 

;iFe..Fe('yn + ~Fe/’l,, - Fe,Uy,, -f 6Fc('lj, 

h'errie chloride Prussian blue Fcrr(m> chloride. 

4. With chlorine— 

IlFeJ-'cCy^ + 4C1 -• FejCy,^ + 2Fe('lj 

(.'liloriue Frussiun blue Ferrous chloride. 
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5. With potassium bichromate and sulphuric acid— 

^Fe/eCy, + K,Cr,0, + 711,SO, = Fe^Cy,, 

i’nisaian blito 

+ 2FeSO, + i^KHSO, + (>,(SO,), + 711,0. 

Ferrous sulphate IVtassium bi-sulphato Chromic sulphate 

6. With potassium chlorate and hydrochloric acid— 

5Fe,FeCy, + KC'IO, + bHCl - Fo^Cy,, 

rolussiuiii cJilorate Jlydrochloric acid Frussiun blue 

+ 2FeCl, + Cl, + KCl + 3H,0. 

Ft'iTous chloride Chlorine I'otassinin chloride 

The resulting ferrous chloride is probably converted at the moment of 
formation directly into ferric cldoride by an excess of chlorine. Prussian 
blue manufactured according to one of the foregoing methods is termed 
basic Priissi.an blue by some manufacturers (in contrast to the neutral blue 
mentioned al)ove), but bow far this is correct avc need not inquire. 

Although direct precipitation of soluble feuTie salts seems to be the easiest 
and most convenient way of making the different brands of Prussian blue, the 
other is preferred in practice. In this, the indirect process, ferrous salts are 
used as the raw materials, since the resulting products, even though ot the 
same chemical composition as tliusc from the other process, are not only of a 
purer blue shade, but also exhibit a far more metallic lustre, on account of 
their much finer structure. Tins lustre is regarded l)y consumers as the prime 
and most distinctive characteristic of pure Prussian blue, and i.s always 
demanded in the case of tl»c best grades. 


Indirect Methods of making Pnmiaii Pine. 

'Fhe first operation to be ])erformed in this process is the formation of the 
white precipitate of ferrous fcrrocyaiiidc, Fe,FeCy(^, in a perfectly ])ure state, 
HMii an unoxitlised condition, since otherwise, as experience has shown, it 
BQtpossibh; to oblain a perfect ])roduct. Now, as ferrous ferrocyanide is 
sod on exposure Lo atmosplierieoxygen, the foregoing c(Hidition isdilfieult 
Sjyj lfilment,aml it i.s naturally quite impossible to protect the white precipi- 
Iffl completely against the influence of the air during the prolonged treat- 
Sffl ; it has to undergo. Ferrous fcrrocyanicle ae(|uirc.s a bluish-green shade. 
IM le slightest oxidation, and therefore its freedom from oxidation can be 
Hffl >Iy assumed when it remains pure white—a condition w Inch it is the aim 
HjB le manufacturer to maintain as far as possible. For tins purpose the 
fflBiis salts used must be perfectly fia^e from ferric compounds. On tbe other 
JlBi, however, a considerable part in played by the wat(rr used. 'I hus it is 
Sjffl n that ordinary river or well water contains in solution a certain (piantity 
Sjir, which is expelled by continued boiling. We have thus two very im- 
ffljnt factors in the production of ferrous ferrocyanide, viz., pure ferrous 
ITO and boiling water entirely deprived of air. 
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As already mentioned, commercial ferrous sulphate only is used for manu¬ 
facturing Prussian blue by the indirect process. 'Piiis material can be botiglit 
at such a low price that tliere is no advantage in making it oneself. In the 
pure state this salt forms bluish-green crystals of different sizes, hut the com¬ 
mercial article is usually in the form of yellowish-green fragments or lumps. 
This striking deviation from the normal sliade is due to free ferric oxide, with 
which the commercial salt is always contaminated. On dissolving the salt in 
hot water this ferric oxide is precipitated, alter longer standing, in the form of 
a yellowish sediment, whieh can, liowever, be reconverted into green ferrous 
sulphate by adding a corresponding quantity of sulphuric acid to the solu¬ 
tion. This circumstance enables a solution of ferrous sulj)hate to be obtained 
perfectly free from ferric compounds. 

The precipitation of the ferrous sulphate solution is elfected l)y means of 
the following plant: First of all, two tanks of equal size, measuring at least 
4 ft. in diameter and to 5 ft. in heiglit, and made of 2- to ;binch pine, 
are required for making the solutionsof ferrous sulphate and potassium ferro- 
cyanide. These two tanks must he placed close together above tlie })recipi- 
tation taiik in such a way that their contents can be transferred into the 
latter easily and without loss. 'I'he precipitation tank must tlierefore he as 
large as the two dissolving tanks, and is pr(“ferably of still larger size, in order 
to maintain the white precipitate in a very finely divided state. It is advisable 
to provide the preei|)itation tank with a mi'chanieal stirring appliance. I'hc 
two smaller high-level tanks are filled about ihree fourLhs full with pure water, 
and this is heated to boiling by admitting direct steam for fifteen to Iwenly 
minutes. 'I'hen 180 lbs. of ferrous sulphate are dissolved in one, and L'OO lbs. 
of potassium ferrocyanide in the other, by con tinned stirring,and without si iiit- 
ting off the steam. For reasons already given, 1 to lbs. of sulj)hui ic acid 
must be added to the ferrous sul})hate solution, both li(juids being tlieu 
allowed to staml for some lime, to enable the ever-present mechanical im 
purities, sucli as sand, carbon, Avood particles, ikc.y to settle down. The pre¬ 
cipitation tank (if its dimensions will allow) must be filled about a (piarter full 
with pure water, that is also kept boiling for a long time. 

As soon as the solutions of ferrous sulphate and potassium forrocyaaide 
have clarified sufficiently the former is run into tlie precipitating lank, but 
without carrying witli it any of the sediment, and the ferrocyanide solution 
is added as a very thin stream, the stirrers being set going at the same time. 
After stirring for about a quarterof an hour the formation of ferrous ferrocyanide 
may be considered as complete. The final tenjperature of the li(juid in the pre¬ 
cipitation tank sliould not be less than 80° C., preferably higlier. Tlie result¬ 
ing precipitate, which, if everything has been done properly, will be perfectly 
white, must then be washed out at least twice with liot water before 
being oxidised. It is left at rest for thirty-six to forty-eight hours to settle 
down. The washing is jierformed in the usual manner, care being taken that 
the temperature of the water is from 6’()° to 70° C. 

For the oxidation process tlie white precipitate must be formed into a 
very stiff paste, with which object the ferrous ferrocyanide is filtered in 
baskets,or the superfluous water is expelled by evaporation.' Tlie latter method, 
though more expensive, is preferable, since it lessens the risk of premature 
oxidation by the air. A still better plan, liowever, is to fill the thin, pasty 
precipitate by portions into the box of a large wooden press, lined with a 
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press cloth (Fig. 15), the superfluous water being expelled under pressure by 
gradually tightening the pressure of the screw. 'I’liis operation takes some 
time, but is much (juicker than filtering, cheaper than the evaporating pro¬ 
cess, and excludes air almost entirely. 'Fhc pressed paste must be tliick 
enough to bear lifting with a flat steel shovel without slipjung off from the 
latter. If too strongly pressed the paste becomes sticky, which should be 
avoided, as it makes stirring difficult during oxidation, and thus delays the 
process. 

The imxius opcrandi of oxidation differs considerably according to the 
peculiarities of the oxidising agents used. The oldest and most imperfect 
method of oxidation, by treating the ferrous ferrocyanidc paste wifh almo- 
sphcvic oxygen, is no longer practised, and need not be described. Though 
the sulphuric and nitric acid method seems also to have gone out of use, or 
is very seldom employed in large works, it may be discussed briefly. 


1. O.vulalion with Sdlphnrh' and Kiiriv Acidfi. 

For every 100 parts of yellow prussialc, f)() of ferrous sulphate (copperas), 
1-0 of sulpluirie acid (()()" B.), and 75 of nitric acid (40" B.) arc emphtyed. 

Tim ferrous terroey.anide paste, treated as described, is placed in a lank of 
medium size and stirred as thoroughly as possible. 'I’hc lank must l>c placed 
out of doors, or at least in a very airy room, and fitted Avilh a steam pipe 
for heating the contents. When the paste hasaefpiired uniform consislenee, 
under prolonged stirring, the weighed sulphuric acid is added, and a perfect 
mixture obtained by stirring afresh. This work is somewhat diflicult, hut 
must be performed thoroughly. This done, ste.im is admitted w-ithout stoj)- 
ping the stirrers, gradually at first, but increasing ju’ogrcssively, until the mass 
in the tank has been raised to about 80" to PO '1‘bis is the suitable 
moment for adding the nitric acid as quickly as possible. Tlie cohl nitric acid 
causes the mass to cool, and steam must tlicrefore be admitted afresh, with 
constant stirring, until tlie mixture lias regained its former temperature. 
The beginning of the reaction is indicated by the ajipearaiicc of an indigo 
shade, the mass then frothing up and liberaiiiig yellow’isli fumes of nitrous 
acid. As soon as these appear the stirring is interrupted, but the steam is 
turned on again. I'he evolution of nitrous acid, escaping in hrownish-red 
vapours, increases in violence as the reaction progresses. The fumes of this 
acid being very poisonous, care must he taken that they are not inhaled, this 
being specially dangerous when Ibe work is carried on in insufficiently venti¬ 
lated rooms. Generally the most convenient jilan is to provide the oxidation 
tank with a tight-fitting hood, through whieli the nitrous fumes arc conducted 
into the open air by means of a wide jiijie projecting some distance above 
the roof of the workroom. Glass peepholes, suitably placed with regard to 
the light, allow the progress of affairs inside the tank to be observed. By 
this means the whole process can be kept under proper control without any 
danger to tlie workmen. Wlicn the fumes diminish the steam valve is 
closed, but the contents of the tank are kejit carefully stirred until the 
fumes cease to escape, whereupon the reaction is terminated, the contents of 
the tank being afterwards Iieated to boiUng-point. 

The colour after standing tw enty-four hours in the covered tank is ready 
for washing. This is the most troublesome operation of all, and should be 
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performed in large tanks to accelerate matters. Hot water must be used 
throughout, 'fhe washing tank is filled with hot water so as to leave plenty 
of room for the Prussian blue paste, the whole being stirred for about fifteen 
to twenty minutes and left to settle down. The washing must be repeated 
until barium chloride no longer reveals the presence of sulphuric acid in the 
washings, or produces merely a faint turbidity. It is necessary to renew the 
washing water ten to twelve times, according to the dimensions of the 
washing tank. I'he blue is then filtered and pressed in the ordinary manner, 
cut into small ])ieces ins. long and 4 -I in. thick, and dried first at a 
low heatand afterwards at a higher teinpcrature ( 60 ° to T0° C.). Tim drying- 
stoves used for this purpose must be perfectly free from dust. As a rule, 
Prussian blue will have a greater lustre the higher tlie temperature main¬ 
tained in drying, though this does not apply to all brands. The Prussian 
blue obtained by this method has a tone similar to itidigo. 

2. O.mlulion with Ferric Sidphalc 

Ferric sulphate, not being a commercial article, must be produced in the 
works. There arc diiferent methods of produciug it, hut only two will be 
considered here as being the most suitable for the process in view. The 
fir.st method, depending upon the oxidation of ferrous sulphate to ferric 
sulphate by sulphuric and nitric acid, is the more simple and more eonveuient; 
whilst the second, which consists in dissolvijig ferric oxide, Fe/)^ (colcothar, 
caput mortuum) in sulphuric acid, is the cheaj>cr. 

First Method. —In a tank of moderately large size 27()])arls of commercial 
ferrous sulphate are dissolved in 500 to ()00 parts of boiling water. .50 parts 
of sulphuric acid {()()° P.) are added in a very thin stream, with constant 
stirring, and very carefully, to prevent injury from the spurting of the liot 
liquid. Nitric acid (40° P.) is next run in, with continued stirring, as long 
as the liquid continues to froth up and disengage the brownish-red fumes 
of nitrous acid. The latter must be led away in the manner already 
described. Stirring is continued for a short time after the disappearance of 
the nitrous fumes indicates that the reaction is ended. The ferric sulphate 
is then ready for use. An excess of one or other of the acids is immaterial. 
The formation of ferric sulphate takes place according to the following 
equation; 

2FeSO, -H H,S{), + 211 NO, 

Ferrous sul[rl!ute Suhiliurlc nciil Kitric acid 

= Fe,(SO,), 2NO, + 2HP 

Ferric Kulphatc Nitrous acid Water. 

Second Method.~\ V{) parts t>f red ferric oxide (pure colcothar, caput 
mortuum, &c.) is made into a paste with water, preferably in a cast-iron 
pan, and 240 parts of sulphuric acid are then added, the wliole being well 
stirred with an iron shovel. After a short time the mixture becomes hot, 
white, an<l finally sets to a solid mass, which after twenty-four to thirty-six 
hours is cruslied and dissolved in tiOO to SOO parts of water in another cast- 
iron pan over a fire. Only a small quantity of ferric oxide remains undis- 
solved as a rule. The insoluble ingredients arc allowed to settle down, and 
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the clear liquid is used. The chemical reaction in this method is explained 

the followin^r equation: 

Fc,0, + ■ = Fe(S()J, 4- 

I'ei-i'ic oxide Siil|ilHiri<: acid Ferric Mihihate Water. 

Solutions of ferric sulphate must be used in a concentrated state only, 
since they decompose when diluted too far with water, especially at higher 
temperatures, forming a basic light yellow salt of iron (insoluble i>i waterj 
and free sulphuric acid. 

'i'he oxidilion of ferrous ferrocy<anide wllli soluble ferric sails has the 
advantage that the wlnte precipitate need not lie in tiie form of a paste— - 
i c., has not to be filtered or pressed —but can la; used in the slate in which 
it is obtained from the washing process, after thoroughly removing the wash¬ 
ing water. All that need be done, therefore, is to heat the precipitate 
‘in the tank by direct steam, and continue to add the concentrated ferric 
>ulpliate solution so long as the Prussian blue ])rccipitatc increases in l)right- 
iie.ss, samples lieing taken at intervals for comparison. I'lie rcactitm is con- 
s\dcre<l as finished when llie presenct^ of an excess of ferric sulphate can be 
detected in addition to ferrous sulj)hate in the filtrate. The latter should 
give a (lark blue precipitate with a solution of potassium ferroeyanide. The 
test can be applied in a still simpler way by dropping a small (piantity of the 
IVnssian blue from a glass rod on to white filter paper. The gradual 
appearance of a yellowish edge around tlic stain indicates an excess of ferric 
sulphate. There is no advantage in having any great excess, and, indeed, 
this should be avoided for economic reasons. After thirty minutes’ stirring . 
the mi.xture is allowed to stand twenty-four liours, afterwards washed out, 
pressed, and dried in the manner already described. 

.‘k OxiiUdim ii'ilh Ferric Chloride 

The process of colouring ferrous ferroeyanide with ferric chloride is very 
similar, the latter being made (if not purchasable) by dissolving ferric oxide-' 
with commercial nitric acid (21“ B.). 

4. (KvidiUion mih Chlorine 

'Pile brightest Prussian blues are undoubtedly obtained by the oxidation ' 
of ferrous ferroeyanide with chlorine, 'Fhese are not only of bright indigo 
shade with a slight iTddish lint, but they also exhibit the higliesl metallic 
C()j>pery lustre of any, .Since the direct preparation of chlorine and its sub-, 
sequent introduction into tile licpiid eonluining the precipitate is too . 
expensive on account of the a])])aralus required, this metiiod is only seldom - 
practised, denerally such materials are used as are ca|)able of liberating 
free chlorine, which in the nascent stale exerts an oxidising elfect oil the 
ferrous ferroeyanide. 'J'o these bodies belong bleaehing-powder and com-:;^ 
niercial bydrocldoric acid, nitrohyilrochloric acid (acpia regia), potassium.-^ 
chlorate, and hydrochloric acid. 'J'he b^t method ()f applying tlu'se agent*^ 
will now be described. 

Owing to the powerful action of chlorine it is unnecessary to filter 
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press the white paste, this being merely left to settle down as compactly as 
possible and the washing water drained off. When bleaching powder and 
hydrocldoric acid are used, the former should be mixed to a paste; with 
W'ater. The fairly fluid paste is put through a cone mill to give it uniform 
consistency, stirred up with a large quantity of liot water in a strong 
petroleum barrel, and left to stand at least thirty-six to forty-eight hours. 
After this time a greenish-yellow coloured liquid is obtained, containing the 
effective ingredients of the hleaching-powder, this liquid is decanted from 
the lime sediment, which is thrown away as useless. The white precipitate of 
ferrous ferrocyanide is treated with a large quantity of hydrochloric acid, 
and the chlorine liquor is stirred in until a distinct smell of free chlorine is 
observable. The oxidation (blueing) takes place readily in the Co!d, hut is 
accelerated by lieating, with steam, to 70'^ to 80® C. The progr(;ss of the 
reaction is ascertained by takiiig samples from time to time. If the colour 
obtained with the original quantity of hydrochloric acid is not bright 
enough a further (juantity is added, followed by a corresponding quantity of 
the chlorine liquor, and so on, until it is certain that the brightest po.'^siblc 
shade of blue has been obtained. 'J'lie colour must be finally washed in the 
usual manner and treated in other respects like all other brands of Prussian 
blue. 

The oxidation of the white paste witli aqua regia * is performed in exactly 
the same way. In this case, loo, the results will be the better the 
stronger the consistency of tlie ferrous lerrocyanid(!. The while precipitate, 
therefore, .should be filtered before oxidation with aqua regia, or pressed in 
the manner already de.scribed. In this cast; a mixture of acids consisting of 
3 parts of liydrochloric acid (21" B.) and I part of nitric acid (10 B.) is 

used, and allow'ed to act on the white paste at a tcmj)erature of 70" to 80" C. 
When the oxidation is complete the l>lue colour is w’ashcd w-ith liot water 
until the last washings are found to be perfectly free from acid. 

Very handsome Prussian blues witii a reddish tinge are obtaitred by 
oxidising the tiiin white paste with [mtassimn chlorate and hydrochloric 
acid. To each 100 parts of potassium ferrocyanide about 12 parts of 
potassium chlorate and 2o of Irydrochlorlc acid of sp. gr. 1 ‘oO are required. In 
tiris case, too, the oxidalioir begins at once, but will not be complete until the 
mixture has been boiled for at least twenty minutes. 'I he weighed quantity 
of hydrochloric acid is first added to the white precipitate, heated to about 
60 ® C., the hot solution of potassium chlorate (12:100 w’ater) being added 
immediately and w'ell stirred in, the stirring being continued about fifteen to 
twenty minutes. After the oxidation is complete the mixture is allowed to 
stand twenty-four to tl)irty-six hours, and is then washed, filtered, pre.sscd, 
and dried. 

b.Ch'idation with Potassium Bichromate and Siilphunc Acid 

This method, wliich at the j)resent prices of chrome salts is a relatively 
cheap one, can be recommended on account of its simplicity and perfect 
safety, especially to those making small quantities of Prussian blue for their 
own use. First the prescribed quantity of sulphuric acid is added to the 
white paste, heated to boiling. Tlien a hot solution of potassium bichromate 

* This lUTcess is no longer in use. 
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is poureil in, with continued stirring. The (jimntity ot ferrous ferrocvanido 
obtained from })() j>urts of ferrous sulphate and 100 parts of potassium 
ferrocyanide re<juiresfor its complete oxidation about 21 parts of potassium 
bichromate and 48 parts of concentrated sulphuric acid (()()‘^' B.). 'I'he 
oxidised product is allowed to stand twenty-four hours, and is then washed, 
filtered, pressed, and dried. 

In all circumstances Prussian blue has always the .same composition, 
whatever the metliod of oxidation employed, and it is asserted by some 
authorities that the same satisfactory results are obtained by using 
atniosj>heric oxygen as the oxidising agent instead of artificial means, 
assuming .sufficient space and time to be at ilispcisal. For this purpose the 
white paste is .s|)read in thin layers on boards and exposed to the air until 
it has bee >mc deep blue throughout, ie., is completely oxidised, the o)>eration 
being facilitated l)y wetting and turning the mass. For various reasons, 
however, this method cannot be adopted in practice. 

Tin* paler grades of commercial Prussian blin* nrv called xleel hhie,* or 
Milori blue {('hinese hlne). 'J'licy arc chicHy used in producing mixed green 
colours, especially the so called zinc green, a mixture of chemically pure 
zinc yellow, barytes, and Chinese blue. Only very few reliable |)articulars 
are really known about the manufacture of (Tinese blue, the process being 
one of the small number that the manufacturers are still able to keep 
secret. On this account tlie j>roduclion of first-class Chinese blue is 
restricted to a few makers. It is erroneous to assume that Chinese blue 
(an be obtained by using smaller quantities of the oxidising agents, i.e.^ 
by an incDinplete o.xidation of the white j)aste, since all the products ob¬ 
tained in this manner, even though much paler Ilian the true Prussian 
blue, exhibit a greenish tinge, whereas pi-riect (’hincso blue always has 
a decidedly reddish tinge which is liighly valued by consumers. The 
analysis of this steel blue always reveals a cerlain amount of tin oxide, which 
seems to be essential to tlie production of the redilish tinge, even though it 
be assumed that the addition of tin salt to the solution of iron salt is merely 
with the object of reducing any ferric salt that may be jiresent. The 
following method will furnish a bright Chinese blue (red tinge) in light and 
dark shades, as generally met witli in commerce. 

In this process ferrous chloride (FcClj) is used as raw material, 
prepared hy dissolving iron filings in commercial hydrochloric acid, 
unless ])refercncc be given to the commercial chloride. To make the 
darker brand of ('hinese blue 100 parts of potassium ferrocyanide are dis¬ 
solved in 1200 parts of hot water. I'o this solution 2.^ parts of hydro¬ 
chloric acid (21® B.) are added, and then heated to boiling by introducing 
direct steam. This temperature is maintained for half an hour, (if) parts of 
ferrous chloride (FeClj^) being meanwhile dissolved separately in ().>0 parts 
of boiling water. 'Fhe .solution is treated with I j to 2 parts of tin salt, and 
then precipitated with the boiling hot solution of potassium ferrocyanide, 
the liquor being kept in continual motion by vigorous stirring. The white 
precipitate of ferrous ferrocyanide having settleddown sufficiently—whicli will 

* Another and easier way to discriminate the various brands of Prussian blue is to 
apply the name ifit'el blue to those devoid of the uietnllic lustre, and bronze hive to all 
kinds of Prussian blue (whatever their shades) which exhibit this remarkable metallic 
sheen,— Translator. 



take two to three days—the perfectly clear solution is drawn off as completely 
as possible, and the white paste is oxidised by means of potassium chlorate 
and hydrochloric acid, at boiling temperature. The mass is washed with 
cold, soft water until the last washings are perfectly neutral. 

The lighter sliade is obtained with the same quantities of raw materials 
by dissolving the potassium ferrocyanidc and hydrochloric acid, ferrous 
chloride and tin salt separately (in boiling water) in two small tanks p-aced 
side by side above the jweeipitation tank. Both solutions are run at the 
same time into the working tank, which is half full of boiling water. The 
united solutions must he boiled thirty minutes, with constant stirring. Tlie 
further treatment of the white paste is the same as already de.scrihed. 

'fhesc two brands of Chinese blue are very bright and soft in shade, with 
a distinct tinge of red. The pigment, cut into oblong pieces, is very light 
and delicate in texture—qualities that are unobtainable by other means. On 
precipitating ferrous suljdiate with ])otassium ferricyanide, K,,FeCy„, in suit- 
ahhi proportions, a dark bhic precipitate is obtained. Formerly this was |)ut 
on the market in a washed amt dried state under the name Turnbull's b/iw, 
but is no longer used. At one time this colour was supposed to he a com¬ 
pound of different composition from Ih'ussian blue, viz., I'e^iCy,^,; but it is now 
considered to be identical with pure Frussian blue, containing free potassium 
ferrocyanidc, probably in accordance with the following equation: 

■1-KJ'eCy,. + 4FeSO^ ^ FejCy,j, 

Potat^sium ft^n-icyanitie Fovioiis sulphate I'russiaa blue 
+ KJ’cCy,. + 4K^SO, 

. ■■■■ — ■ ' II ' ■ s 

lV)tas.siuin ferrocyaiiide I’otassiiiin sulpiiale. 

'I’lirnbuH’s blue is greatly inferior to Prussian blue in many respects, although 
it was formerly sold at a considerably higher price—a circumstance explaining 
its almost entire disappearance from the market. 

It is an agreeable sign of progress in colour making that the innumerable 
cheaper brands of Prussian blue put on the market some time back under 
different names, such as mineral blue, Hamburg blue, new blue, Krlangcn 
blue, kc., which owed their existence solely to very faulty and primitive 
•methods of production, are now neglected by consumers, and are theref 
rightly falling into oblivion. The method of production was based on tuv. 
use of impure prussiate solutions, containing variable quantities of potassium 
carbonate in addition to the pure ferrocyanidc, precipitated with alumina, 
magnesium salts, zinc sulphate, &c. For this purpose the ferrous sulphate 
for the precipitation process was mixed with the above bodies, which in turn 
formed with tlio excess of potassium carbonate white precipitates mechani¬ 
cally incorporated with llie Prussian blue. 'J'he oxidation of ferrous ferro- 
cyanidc was tlieii effected simply by the influence of the air. At present 
less expensive adjuncts are mixed with tlie pure Prussian blue in order to 
obtain clien])er brands, which nevorthelc.-^s are far more beautiful and more 
useful in practice than the foniUT varietie.s of Prussian blue mentioned 
above, wliich were of very insignliicant appearance owing to faulty methods 
of production. 'J hese additions include more especially starch, barytes, 
gypsum, raw and burned clay, &c., incorporated in a dry or |wsty condition 
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, Viili tlie waslieil and filtered Prussian blue paste in variable (piaiiiities, 
according to the intended price »!’ the product, the wholti being finally 
ground repeatedly to obtain a uniform mixture. 

Prussian blue was discovered in I70i by Diesbach and Dippel, at Herlin, 
so that its German name, ]\trh blue, is incorrect. In France and Pingland, 
however, it is more accurately called Berlin blue or Prnxsia/i blue {bronze and 
Ckinexe blue). 

Direct Mel/nul 

As already mentioned, only a few Ibaissian blues are made by direct 
precipitation of soluble ferric salts with potassium ferrocyanide, and these are 
much inferior in brightness to those produced by the indirect method. Tlie 
difference with regard to the cliaractcristic metallic copperlike lustre is 
especially striking, the latter exhibiting this feature in a higher degree, 
whilst the others are deficient in this respect, although generally brighter 
in shade. In the wet slate the colour inclines more to viohd, but changes 
on drying to a very full dark blue, lacking in briglitness, a quality wliich 
the other products do not lose even when preci))itated from very dilute 
solutions. 

The ferric salts used in the manufacture of these so-called ^‘ncnlrai” 
Prussian blues arc restricted to ferric sulpliatc, Fejj(SOj j, and ferric chloriile, 
Fe/.’l,.. The fact that both salts decompose very easily in a dilute state or 
at higher temperatures necessitates their use in a highly concentrated form, 
which is considered to account for the formation of very voluminous jn-e- 
cipitates, and eonsequcntly their deficiency in respect of the coppery metallic 
lustre. Ferric chloride gives relatively brighter coloured precipitates than 
ferric sulphate, though both are cliaraeterised by containing an excess of 
potassium ferrocyanide, which cannot be remove<l by washing. TJie following 
method furnishes good results: 

50 parts of ferric chloride are dissolved in a small tank jfiaced above the 
precipitating tank, and chargeil with ‘iOO parts of hot water at Oo'’ C. At 
•the same time .50 p.arts of ]>otafisium ferrocyanide arc dissolved by boiling in 
a similar tank close by, and charged with .50() parts of water, 10 to 1.5 parts 
of hydrochloric acid (ii!l''’R.) Ixfiiig stirred into the .solution. The pre- 
cipitjiting tank is filled lialf full with water, heated to fio'^ to 70*^0. by direct 
steam. This temperature being attained, the above cldoride and ferro¬ 
cyanide solutions arc run in with vigorous and continued stirring, which is 
kept up witlioiit interruption for about twenty to thirty minutes after the 
last portion of the ferrocyanide solution has been added. 'I’he colour is then 
allowed to settle down, washed four to five limes with hot water, filtered, 
pressed, and dried in tlu; usual way. 

Neutral Prussian blue may be mixed with the same adjuncts as that 
obtained by the indirect process. 

Spent lime and sawdust from gasworks may lie used as a raw material in 
the manufacture of Prussian blue, 'flic mass contains ferrous sulphate or 
bog iron ore, the purpose of w liicb is to purify tlie gas by removing the 
ammonia, sulphur, and cyanogen coinjiouml.s present in crude coal gas. 

'Jo recover potassium ferrocyanide from these spent masses the ammonia 
compounds must he removed by leaidiing with water, and the sulpliur ex- 
. tracted by carbon bisolpliidc. Caustic lime is next added, to dissociate 
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the insoluble ferrocyanojcfeii compoimds, the dry mixture being heated to 
80® to 100° C., and stirred, whereupon annnonia is liberated from a state of 
insoluble combination. Potassium ferrocyanide is leached out of the mass 
with water, and the solution is concoTitrated in presence of potassium chlo¬ 
ride, whereby potassium calcium ferrocyanide, CaK,FeCy^, is obtained. The 
precipitated double cyanide is converted into prussiate by boiling with 
potassium carbonate. 

Prussian blue can be obtained indirectly by precipitating the aforesaid 
solutions of calcium ferrocyanide in the usual manner with ferrous salts and 
oxidising tlie precipitate. 

The cyanogen content is a criterion of the value of gas-lime, which is a 
much aj)preciated by-j)roduct. 


Soluble Prussian Blue 

For the manufacture of soluble Prussian blue BrMr gives the following 
recipe : A solution containing 271 parts of potassium ferrocyanide per 1000 
is mixed with twice its volume of a cold saturated solution of (dauber salt. 
A second mixture is made of a similar solution of Glauber salt with a solution 
containing 100 parts of solid ferric chloride per 1000. Equal volumes of 
these two solutions are mixed and well stirred. TI»e precipitate is allowed to 
settle down, filtered, and washed, until the washing water runs away blue. 
The colour is tlien dried at the ordinary temperature. 

The capacity of oxalic acid for dissolving Prussian blue in a certain pro¬ 
portion affords a further means for converting this insoluble colour into such 
a condition that it will readily dissolve in all })roportions of pure water that is 
free from lime. The operation is performed as follows; Pure Prussian blue 
in paste is thoroughly mixed with crystallised oxalic acid in the proportion of 
10 parts of (dry) Prussian blue to I of oxalic acid. After a ccrtaiji lime the 
mixture becomes very fluid, solution being completed by tliorongb mixing 
and grinding in an ordinary cone mill. The thin paste is next placed in 
a tank of moderate size, and vigorously stirred with liot water. 'I'his treat¬ 
ment produces a bright blue ink-like liquid, which must be stirred up with a 
fairly concentrated solution of Glauber salt, to precipitate the soluble Prussian 
blue. In this way all the Prussian blue is reprecipitated as a voluminous curdy 
mass without losing its soluble character. The solubility, temporarily de¬ 
stroyed by the presence of (dauber salt, is restored on the removal of the 
latter. I'hc precipitate is allowed to settle down thoroughly, the clear 
supernatant liquor removed completely, and the dark blue paste transfeiTed to 
a filter, where it is drained and then washed with pure cold M'ater until the 
washings exhibit a blue slain. Tliis indicates that all the Glauber salt has 
been removed, and that the solubility of the Prussian blue is restored, liie 
mass is afterwards pressed, cut into small oblong pieces, and dried at a 
moderate temperature ( tO® to 50® C.). 

According to other recipes, Prussian blue is first treated for one to two 
days with hydrocliloric acid or concentrated sul|)huric acid, then washed, 
dried, and redissolved in oxalic acid. A stable solution is obtained by dis¬ 
solving 8 parts of Prussian blue (treated with sulphuric acid) and 1 part of 
oxalic acid in 256 parts of water. 

On pouring a solution of ferric chloride into an excess of potassium ferro*! 



•c^ahidc solution, or, conversely, a solution of some ferrous salt i 
' of pota'isiimi ferricyanide, a deep blue precipitate is formed, alumina 

has the formula FejK/l'V/ly,^). On washing this ])rccipitate perfet'ed, and 
from salt it will dissolve very readily in pure water, but loses this faculty 
heated t<i about 100'^ C. It is precipitated from solution by salts and aleoh’f*® 

Soluble Prussian blue was formerly used as blue ink, and at present is 
employed by anatomists for injecting preparations of tissues, veins, &c. [In 
certain countries, like Italy, there is still a considerable demand for soluble 
blue.— Tramfator. ] 

Prussian blue is, strictly speaking, a glaze pigment, but of such intensity 
and colouring power that, in a concentrated state, it acts as a covering pig- 
•ment. Pohl discovered that Prussian blue, especially in paste form, has 
been put on the market in admixture with starch, stained blue with iodine. 

Prussian blue is decomposed on treatmetd with strong alkalies, concen¬ 
trated acids, or by heat, but is more or less stable in j>rescnccof dilute acids 
and alkalies. On decomposing it with alkalies, brown ferric oxide is precipi¬ 
tated, and potassium ferrocyanide is re-formed in the solution. From this 
filtered alkaline solution Prussian blue can he reprccipilutcd, alter acidification 
with liydrochloric acid, by adding ferric chloride. Prussian blue decomposed 
and oxidised by calcination in the air is used as a pigment by artists, under 
the name Berlin brown. 

Prussian blue ns an oil or water colour fades a little under the iiiHuence 
of air and light, especially the j)aler grades or light j)aints, obtained by mixing 
with wliite pigments. On removal from the influence of light and air for some 
time, and being kept in the dark, the faded colour will be restored to its 
'wistine strength, a phenomenon which has not yet been satisfactorily 
explained. 

Antwerp bine is a mixture of iron and zinc cyanogen comjmunds. It is 
prepared by mixing variable quantities of iron and zinc sulphates in solu¬ 
tion, and precipitjUing them with potassium ferrocyanide. 

e. Ultramarine {U/tra7narmb/an, Blen (rOnlremer). 

The term ‘'ultramarine" was originally used for a deep blue pigment 
obtained in the early middle ages, by a very complicated process, from lapis 
lazuli, a semi-precious stone that is still greatly appreciated. This mineral 
was meclianically ground, mixed with a special lute, and afterwards wrapped 
in cloths and kneaded for a long time under water, the fine blue colouring 
matter being thereby extracted from the mass and disseminated in the water, 
from which it gradually settled down. Repeated levigation and trituration 
gave a pure blue pigment that is stated to have !)ecn worth its weight in gold. 

The chemical composition of natural ultranwirine was first ascertained by 
Deso/vies and Clement, in 1806. 'J’hey found : 
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the insoluble second decades of the past century several manufac* 

8()0 jqqo .ennann at SchOnebeck, Kuhlmmn at Lille, Temwrl at St. Gobain) 
insolubl''^ blue masses resembling ultramarine in the soda furnaces. Klaproth, 
with especially Vampieltn, investigated this material, and found that its 
ylj^ehaviour toward reagents was very similar to ultramarine, its c’lief com- 
, ponents being sulphur, silica, alumina, and sodium. In lSii4the Societe 
d’Kncouragcment ” at Paris offered a prize of (iOOO frs. for a method of pro¬ 
ducing ultramarine artificially, provided the cost did not exceed 500 frs. per 
kilogramme. of Toulouse, was awarded this ))rize in 1828, being the 

first to devise a suitable process, whilst contemi)oraneously Gmelin, of 
Tubingen, published tlie same results. A process, perfected by Ao///g, for 
• producing artificial ultramarine was already in use at the Royal Porcelain 
Manufactory at Meissen in 1828, and this famous factory must therefore be 
considered us the birthplace of the (jermaii ultramarine industry. 

Tlie great bulk of the ultramarine now used is made in Germany and 
France. There, are, however, a few works in England, and also in the United 
States of America. 

The sole ultratnarines used for technical purposes arc the sodium sulphur 
ultramarine, which can be obtained as white, green, blue, violet, red, and 
yellow pigments —one being convertible into the other by suitable treatment 
—of which, Iiowever, only the blue and perhaps also the green modifications 
are made on a large scale. The other existing potassium, lithium, silver, 
sulphur, and organic ultramarine compounds need not be described here. 

Pure commercial ultramarine is an almost impalpable j)owder of a very 
bright azure blue and low specific gravity. It is absolutely insoluble in 
water, and unaltereil by alkaline liquids, though very easily affected by dilute 
acids and even concentrated acid salts, which liberate hydrogen sulphide, 
and finally decolorise the ultramarine completely. Even concentrated 
solutions of alum can protluce tliis result. The commercial “ acid-proof ultra- 
marine ” is a product whose power of resisting the action of ahim lias been 
increased by an excess of silica. 

The technical applications of ultramarine are very extensive. It is used 
for painting in oil, as well as in lime washes, for wall and fancy papers, for 
clotli printing, by litho and letterpress printers, in water-gla.ss [lainting, A:c. 
Materials of a yellowish or reddish white, or even dirty yellow, shade appear to 
the eye considerably whiter when mixed with small quantities of ultramarine 
blue, and important use is made in practice of this properly. Thus, ultra- 
marine is used for blueing linen, chalk and lime for whitewash, paper J>ulp, 
soaj), starch, barytes, many fats, and even sugar. 

There are three chief kinds of ultramarine blue in commerce, viz. : 

1 . Glmiber salt or sulphate ultramarine, of a greenish tinge, is the palest 
of all brands of ultramarine. It has only a small covering power, and 
is tlie most readily affected by solutions of alum. 

2. Soda ultramarine low in sulphur, of a pure blue shade, is much darker 
than the preceding kind, covers better, and offers more resistance to alum. 

3. Soda ultramarine rich in sulphur is the darkest brand of all; it has a 
reddish tinge and high covering power. In consequence of its high silica 
content (besides sulphur) it has the greatest power of resisting alum, and 
is therefore preferred above all other sorts for blueing the pulp in paper¬ 
making. 
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Ultramarine is formed whenever sodium sulphide is calcined with alumina 
and silica in certain quantities. A green compound is first produced, and 
this, on further calcination, coupled witli the inHuence of air and certain other 
ingredients, is converted into the blue modification—the true ultramarine 
blue. In practice, however, sodium sulphide is not employed direct, but is 
formed during tlie calcining process l)y the reiluction of sodium sulphate 
with carbon, the necessary alumina and silica being applied in the form of 
china clay, which is an aluminium silicate, and therefore contains both these 
ingredients. Bearing in mind the brands containing sulphur and silica, the 
following raw materials are used in the manufacture of ultramarine : 

1. China clay, or clays of similar composition. 

2. Calcined soda (anliydrous). 

3. Glauber salt (sodium sulphate), anhydrous. 

t. Sulphur. 

Carbon (charcoal, seldom pit coal), pitch, colophony, &c. 

(). Silica in any suitable form. 

Lampblack or siinilar bodies may be taken instead of coal, their fineness 
facilitating more intimate mixture and slower combustion, and therefore 
giving a more powerful reducing cfi'cct. Uesin can only partly replace carbon, 
and, owing to its teiuleney to volatilise without decomposition, requires 
especial care, the operation having to be performed in lightly closed vessels. 
The (jualities exacted of tlie said \naterials to render them suitable for the 
manutactiire of ultramarine may be now briefly discussed. 

1. C/fina Clay. —In addition to J’jiglisb cliina clay, (Terinan (Amberg 
earth), Bohemian, and French pottery clays are used, of varying purity, and 
therefore always needing levigaLion. In all eases the china clay must be 
very finely pulverised, free from any excessive amount of oxides of iron or 
manganese, and as far as possible of uniform composition and physical con¬ 
dition. The composition, even from the same levigating works, being highly 
variable, the china clay must be analysed before use to enable a uniform 
ultramarirm product to be obtained. The above-mentioned kinds of china 
clay contain the following average proportion of alumina and silica in 100 
parts : 

China clay . . Alumina (AI^O^) 47 and silica (SiOJ 33 

Aml)erg earth . . „ „ -lO ,> ,, hi 

Bolicmian cliina clay „ ,, 42 „ „ 33 

French china clay . „ „ 44 „ „ 5() 

2. Calcined Soda. —High-grade wclI-calcined soda alone should be used. 
The presence of 2 per cent, of sodium chloride will not be disadvantageous, 
but a high degree of moisture being unsuitable, the stock of soda should 
always be kept in dry storage places. 

3. Glaaher sully or sodium sulphate, must also be well calcined, and as free 
as possible from acid. The content of sodium cliloride should be the same 
as mentioned in the case of soda. Sodium sulpliate should be free from 
acid or other impurities (lead, iron, itc.), and must be finely pulverised before 
use, preferably in stone edge-runner mills, to keep the salt out of contact 
with iron. 

4. Sidphur .—Rod or stick sulphur is generally used. If it leaves only a 
blackish residue when volatilised in a small porcelain dish, the sulphur will 
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be suitiible for manufacturing ultramarine; but cheap kinds of sulphur, 
which leave much residue on volatilisation, should be avoided, since they 
always produce dirty shades of colour. The sulphur should be pulverised as 
finely as possible in edge-runner or ball mills. 

5. Carbon .—Cliarcoal made from pine trunks free from bark and knots is 
preferred. The content of moisture should not exceed 4 per cent. The 
cliarcoal must be pulverised in ball mills, and the resulting powder stored 
in a dry place. Only good-class pit coal can be used, free from sand, stones, 

. and pyrites. Tlie coal is pulverised first by edge-runners, and afterwards in 
ball mills. Charcoal has latterly been replaced in ultramarine works by other 
materials rich in carbon, such as resinous substances, colophony, black pitch,- 
tar, asphaltum, &c. Colophony may be brown, but not contaminated with 
impurities. 

6 . (diatomaceous earth) and quartz are used in the manufac¬ 
ture of siliceous varieties of ultramarine— i.c., the darkest shades, 'I'hese 
materials also must be used in a very finely pulverised state. The cheap 
calcined diatomaceoiis earth now on the market fulfils nearly all tlie condi¬ 
tions for manufacturing ultramarine, and is therefore very frequently use<l, 
although its bulky nature renders the mixture very loose. If quartz he used 
it must he very })ure (washed), heated to redness, and afterwards tlirown 
into water, whereupon it falls to pieces. When dry it is ground in edge- 
runners or large hall mills to a fine powder. Used by itself, quartz 
gives very handsome sliades, somcwliat j)aler than those furnislicd by the 
use of diatomaceoiis earth. Mixtures of these two substances arc also 
employed. 

According to a process patented by Cross, of London, coal and silica can 
be replaced altogether or partly by siliceous carbon, such as charred rice 
husks. 

The manufacture of uUi*amarine blue is conducted in the following 
different stages: 

1 . Preparing the mixtures. 

2 . Calcining these mixtures (calcination product = green ultramarine). 

3. Crushing the green ultramarine. 

4. Blueing of the green ultramarine by roasting (fine burning). 

5. Lixiviating (washing) the roasted product, wet-grinding, levigating, 
pressing, and drying. 

6 . Sifting (bolting) the dried products. 


1. Prepaiing ike Mixtures 

A very important factor in the manufacture of ultramarine is the choice 
of suitable proportions in mixing the .raw materials; but considerable 
divergence of opinion prevails on this point, especially with reference to the 
larger or smaller excess of the sodium salt in the mixture. Unger gives the 
proportions of china clay and sodium salt a.s 1 : (). Buckner and Furstenau, 
however, took the proportion I : 3, 2 : 4, and afterwards even 2 : 3 as giving 
tlie best results. According to experience, any reduction below this latter 
proportion will considerably lessen the brightness of the resulting ultra- 
marine, so that this is apparently the utmost limit practicable. The following 
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mixtures are said to l)c tlic best, provided faultless raw materials arc 
employed: 


UUraniiirijR' Uhio. 



l)ark. 

Cliiun clny. 

1(10 

100 

1IM» 

Soda. 


]00 

103 

(ihmbur .salt. 

120 

_ 

_ 

Carbon. 

2'j 

12 

1 

KiuselKuhr (diafottiacuous earth) . 



Id 

Sul[)hiir. 

10 

00 

117 


The products obtained from those proportions may be considered typical of 
tile three grades of ultramarine, I he other (intennccliale) shades beinj^ 
obtainaiile therefrom by mixing;. Tiie addili<m of diatomaceons earth 
depends on tiie amount of alimiina in the china clay, and must therefore 
always be calculated from the c«)mposition of tin? cliina clay used. 

100 parts Al.Si^Oj contain .'iJJ-J) SiO„ and 4(vI0 AI/)(. 

100 „ Al.Si,,(\ „ (i:i'7 'ACr:i „ 

'Fhe mixinjr of the weighed raw materials in the above proportions can 
be performed in different ways. The most intimate and at the same 
time cheapest mixture is obtained when tlie raw materials have been * 
worked, first of all in edge-nmner mills, and afterwards ground very fine 
in ordinary balanec-mills. Tlic grinding in the edge-runner mill must be 
continued so long as any fragments of carbon can be detected in the 
resulting jmwdcr. The latter must be perfectly homogeneous and free from 
stripes of different colours when sjiread out with a steel or horn spatula. 
The mixtures containing much sulphur must be ground to a fine, homo¬ 
geneous powder first, and regroiind two or three times after the suitahle 
quantity of sulphur has been added. The finished mixtures must not be 
left to stand, but should be worked up at once. 


2 . Calcining Vllraniarinc Mixlurcx. Green Vilramarine 

This operation is performed in cylindrical or tapered fireclay crucibles, 
placed one upon another in a kind of muffle furnace similar to those used in 
porcelain works, and exposed to a temperature between red an<l white heat 
for seven to ten hours. Tlic tapered crucibles are preferred to those of 
cylindrical shape, owing to the better circulation of heat even when they are 
packed closely together in the furnace. In many works up to seven layers 
of crucibles will be used, and the lids must therefore be strong enough for. 
the lower ones to stand the pressure of tlie rest without damage. In large . 
works several muffle furnaces will be arranged side by side, separated only 
by a strong wall, so that all the escaping gases are led into one chimney- 
stack. The construction of the funiac(?s should be as simple as jiossible. 
The shape is immaterial, the chief eoiisideraiion being proficr dimensions,, 
and, above all, a suitable and easily regulated draught. This is the only 
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way in which a proper temperature can he applied equally to all 
the crucibles, and thereby render a successful result possible. In no case 
should the dimensions of the furnace be larger than is required for accom¬ 
modating crucibles containing an aggregate charge of* b to 8 cwt. 'I'he 
furnaces are naturally of greater heiglit than brcadtl), and of .s(|uare 
(seldom round) section. The inside is lined with firebrick wherever the 
surface comes in direct contact with the heat. Ordinary coal, coke, peat, and 
wood may be used as fuel. 

In filling the crucibles the raw materials must be pressed down some- 
wliat (as far as can be done without loss), and the lids put on in sucli a 
way that tliey do not come in contact with tlie charge. 'TJiey are then 
placed in the furnace, one by one, in rows and layers, the mouth of the 
furnace being loosely closed with fire-brick and the joints outside luted 
with soft clay. 'To enable the temperature in the furnace to he jneasured 
and the progress and completion of the reaction to be gauged, two loose 
bricks .are inserted in different ])arts of the furnace moutli, and tlicse can he 
taken out for watching the course of events inside. 'Ihe duration of tlie 
calcination process depends on the ingredients and proportions of the 
mixture, tlie dimensions of the furnace, the draught, the fuel, and various 
other circumstances, so no definite instructions can be given on tliis jioint. 
Usually the duration of the reaction depends on the formation of the sodium 
sulphide, the length of tlic calcination process varying inversely with the 
amount of sodium sulphide in the product. 'I’his must be ascertained by 
preliminary trials. 

When the reaction is finished the ash-jiit holes must be bricked up, the 
loose tiricks put into the insjicclion o[)enings and luted, both these and all 
other openings through wliich air could enter being shut as tight as 
possible. The furnace is tlien left to cool down, whicli generally takes two U> 
three days. As soon as tlie furnace is emjilied it can be recliai-gcd at once. 

For calcining larger (juantities the so called sh.aft furnaces arc used, 
holding u}) to 2 tons of the crude mixture. 'J'hesc are large cylindrical 
furnacejs, the fire-brick shaft being sujijiorted and jirotectcd by strong walls, 
of such a form as to secure equal distribution of the pressure exerted from 
the inside. Gradual bulging of the walls, especially at tlie charging hole, 
is thereby avoided. The cylindrical shaft is topped by a dome, similar to 
a cowl, eitlier supjiorting tlie cliimney or connected with the main factory 
stack by a flue. Immediately lielow the dome is a flat vault of fire-brick, 
forming the actual roof of the shaft. A number of round or rectangular 
openings in the vault allow the smoke and hot gases to escape into the 
space between the vault and tlie dome, and thence into the chimney. In 
this manner an equal distribution of heat is secured in all parts of the shaft. 
The furnace is arranged underneath a second vault, with a flattened top 
forming the floor or sole of the shaft. 'I'he heating gases pass through a 
great number of flues in the floor and enter the calcination chamber, filled 
with crucibles, arranged in layers, and after traversing this chamber in all 
directions they escape as mentioned above, tiirough the dome of the furnace 
into the chimney. A suitable opening must, of course, be provided for 
cleaning the dome from time to time. These furnaces possess nearly all 
the advantages of the older type of furnace, and may be used for green 
calcination as well as for the direct blue calcination process, without the 
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necessity for special repairs so frequent in the other type of furnace. At 
the same time they enable the heat of the fire to be equally distributed 
ill the most perfect manner, thus facilitatin<( considerably the otlierwisc 
difficult task of controlling the calcination process. Moreover, the working 
of this furnace does not depend on any special fuel, all kinds being equally 
suitable. Kinall}’, as 

alreatly mentioned, it Fio. r*i). 

will aceommodatc a far 
larger ehar^ than the 
muffle furnace. Fig. ^>9 
represents a sketch of 
a shaft furnace. 

The calcination pro¬ 
cess of a Glauber salt 
mixture in the shaft 
furnace is the same as 
in the mufile furnace; 
but in the case of soda 
mixtures low in sulpluir 
the heating of the shaft 
must be conducted in 
such a manner that a 
bnght red heat is only 
attained after four to 
five hours. The heat¬ 
ing process must there¬ 
fore hike at least nine 
liours. This is also the 
case with mixtures con- 
tainiug alum, except 
that the temperature 
must not exceed dark 
red heat. 

Tile product ob¬ 
tained by calcining the 
raw mixture with ex¬ 
clusion of air is the 
green ultramarine, and 
is better in proportion 
as it is softer, and 
exhibits less of a blue tinge on the surface. When the green product is to 
be sold as such the blue jiarticles must be carefully separated from the rest, 
but this is unnecessary when the mass is to he converted into blue. In hotli 
cases, however, care must he taken that tlie mass from the crucibles docs 
not contain any uncaleined particles of the raw materials. The presence of 
these latter is indicated by the reddish-green appearance of tlie calcined 
product, and although it docs not generally have any disturbing influence on 
the subsequent stages of the process, the particles being oxidised into the 
green modification on the admission of air, it would reduce the commercial 
value of the ultramarine green. 
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Curtins has made the calcination a continuous operation by his patent^ed 
process. He uses a cast-iron retort, lined inside with fire-proof cement.. 
The retort, similar to ^as retorts, is set in brickwork, and is provided with 
receivers for condensing the sulphur vapour, as well as with Hues for removing 
the gases. When charged, the retort is closed front and back, but air can 
be admitted from behind, tluis enabling the green ultramarine f(*rmed in the 
retort to be quickly converted into ultramarine blue. The oxidising process 
can also be effected in a brick receptacle underiiealli, into whicli the finished 
green is easily discharged from the retort, leaving tlie latter free to be re- 
charged at once. 

,S. Grhuling the (h'een Ultramarine 

Ultramarine green must be put through a special treatment before it can 
be emverted into tlie blue modification by the finishing calcination in 
presence of sulpliur. This treatment will vary according to the composition 
and physical character of the green idtramarine. 

Although the quality of the blue product obtained by tlie finishing 
calcination primarily depends on liiat of the crude green ultramarine, the 
method of crushing the latter into the finely divided state most suitable for 
the blueing process has also a certain influence on the result. The briglitness 
of the ultramarine blue depends largely on the brilliancy of the crude green 
product, anti since this characteristic suffers in proportion to the ]>ressure 
applied in grinding, it is obvious that care must be taken to avoid any 
unnecessary jiressure in performing that operation. 

The grinding of the crude green material is effected in two different 
stages —the crushing, wliich is the same for all kinds of green, and tlie sub¬ 
sequent grinding in dry mills, this latter operation varying according to the 
softness of the material. 

The material is exclusively cru.shed in roller mills. T’liese are fitted 
with deeply fluted or sharji-toothed iron rollers, whicJi rotate close together 
without actually toucliiiig^so that the material, fed through a suitable hopper, 
is crushed between them and delivered into a wooden box underncatb. In 
some works iron rollers arc replaced by those of wood fitted with ribs of strong 
iron hoops instead of fluting or teeth. Tlie crushed mass is in graiudes about 
the size of peas, which must be ground further, especially in the case of 
Glauber salt greens, owing to their excessive hardness militating against the 
success of the final roasting. T'his grinding is performed in dry mills, which 
can be adjusted so as to furnish a powder of any desired degree of fineness. 
Tlie degree of grinding necessary for Glauber salt green for yielding a good 
blue product in tlie finishing calcination must be determined beforehand by 
experiments on a small scale, a certain amount of skill and practical experi¬ 
ence lieing re(|uired. T'lie roasting process will give better results in pro¬ 
portion as the green material has been more finely powdered, though beyond 
a certain point at the sacrifice of lirightness in the resulting ultramarine 
blue. 

The soda greens, generally mucli softer, will not in most cases bear the 
strong grinding usually required in the case of the Glauber salt greens, and, 
when crushed the application of heavy pressure in further grinding must be 
avoided as mucli as possible. Formerly the ojicratiou was performed in 
rolling casks, ten to twenty or more being revolved at a time, according to the 
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size of the woiks. 'i’his inetiuxl is still practised in many small cstahlish- 
ments on accouiil of its satisfactory results. The iron balls of (llHerent size 
in the revolving? barrels jjradually reduce the material to a fine powder^ whicli 
is then passed through a fine sieve to separate the coarser ])articles. The 
barrels are arranged on a solid frame in two parallel rows, with their longi¬ 
tudinal axes in the direction of the narrow side of the frame. The mlaiy 
motion is imparted by a common shaft passing longitudinally through the 
middle of the frame, and transmitting movement to the barrels through cog¬ 
wheels, each barrel being fitted with a special stop-motion. The shape of 
these barrels should be oval rather than circular, and the charging holes must 
be closed by a dust-tight cover, lield in place by a bow and screw in the 
usual manner, the joints being packed with felt, indiarubber, A'c. 

Revolving barrels, being clumsy and inconvenient, liave been rejdaeed 
by ball mills, fitted with sifting devices ensuring continuous working. 
When suitably constructed, these mills render the crushing of the raw 
green ipiite superfluous. For the same purpose cone mills ami even 
pulverisers arc used in many cases. 'I'hc further treatment of the green 
ultramarine to purify it from the adlierent saline impurities before blueing 
has been greatly improved. Whereas formerly the crude green had to be 
first ground in wet mills (like white lead mills) and then steaiiud until it 
could ho levigated, this treatment is now abandoned entirely, and the green 
is usually ground dry (with the impurities) and roasted direct, this treatment 
giving eipially good results, provided selected raw materials are used and 
the final calcination is carefully controlled. For the same reason the later 
process of lixiviating the ultramarine green after dry grinding is now confined 
to a few manufactories, and only when the green is to ho sold as such. 


4. doionrin^ Vltrmmvrine hy 

The roasting of the crude ultramarine green to convert it into tlie blue 
modilicatiou has undergone more elianges than any other stage of the manu¬ 
facturing process, as the result of constant search for improvement and simplifi¬ 
cation, though, of course, not always with the desired result. It is not our task 
to consider in this pl.ice all the pro])osals published in the technical literature 
in this connection, more especially since it is very difficult to ascertain whether 
any of these proposed inij)rovements have actually found practical application. 
Leaving out of consideration the manufacture of ultramarines containing 
much silica, which are obtained direct from tl»e mixtures (»f raw m.atcrials by 
a single calcination, no very great improvements can be found in relation to 
the construction of furnaces for the final roasting. What mcttlifications there 
are refer mostly to increased dimensions; and really these furnaces seem to 
have as many opjxmcnts as friends. A short description of the furnac<; pre¬ 
ferably use<l for this process will now he given. 

In the oldest types of furnace for ultr.imarine blue roasting we find attempts 
made to utilise the waste heat of the primary calcination furnaces for the final 
roasting process. 'J'liis was done in the simjdest way by erecting above the 
calcining chamber a second arched floor, on the bod of which tlu* crude green 
could be roasted. ’J’be fire gases were led either through suitable (lues below 
the bed, or admitted direct into llic roasting chamber. Since in tliis arrange¬ 
ment the final roasting depended on the duration of the calcination process, 
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it was subjected to frerjuent interruptions, wliieb, although not iinPavourably 
influencing the appearance of tlie blue, delayed llie wliole process in an unde¬ 
sirable manner. Special furnaces were tlierefore constructed for the roasting 
process, and of these the muffle and retort furnaces seem to have answered 
best, since they are still used in all ultramarine works. 

The cylindncal ov reUui fnrnacex O’O) eonsist of an arrangement of 
strong cast-iron tubes, each l6 ins. in diameter and 80 ins. in length, gene¬ 
rally built into the furnaces in sets of three, so that the flame laps them on 
all sides. 

Tlic tubes })roject at the front end next tlie fire-grate, as well as at the 
rear end of the furnaces, about ‘i ins. beyond the brickwork. These projec- 


Fia. (;o. 



If, If, tiiln'S (relovis}. (}, (), (), (iin's ((.Tos^i-sjectioii) iur the <lry* 
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/', tluo forsiilphur^asc.s (ci-oss-si.iclioii). ilryinjr surfaces 'l\ T. 

lions enable the ends to be conveniently covered with close-fitting caps of 
strong sheet iron. 

'I'wo different kinds ofeaps are in use, some covering the ends of the tubes 
completely, otlicrs leaving them about onc-(juartcr open. The latter sh.ape is 
put on during the converting process. In large works, where a number of 
cylindrical I'uniaces are in w’ork at the same time, tliey are mounted in pairs 
back to back, witli an intervening space about l6 to 20 ins. across. A small 
passage is thus left between them, and this is covered with an arelied roof, 
its length increasing wdtli the number of furnaces composing llie battery. .\li 
the flues or pipes from the various furnaces discharge into this passage, which, 
being close<l at both ends by doors, and connected directly with the main 
chimney-stack, forms a flue, with a strong draught to carry off' the large 
volumes of poisonous gases containing sulphur, &c., given off in the process, 
and prevent any inconvenience on this account to tlie meii working at the 
front end of the furnaces. The passage communicates with the chimney- 
stack by means of a flue built along the roof of the passage itself, whicli flue 
is connected with the pas.sage by openings (about 12 by 10 ins.) in the roof 
of the passage midway between each pair of furnaces, and closed by iron 
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slides. The most suitable arran^rcmeiit of the furnaces is to set them up at 
right angles to the length of tlie building, so that tlio windows of tl»c furnace 
room will throw sulKcient light for the supervision of the work. 

Neither the shape nor the foregoing arrangement of the cylinder furnaces 
has undergone much change in course of time escept as regards the retorts. 
Those formerly used were very small ((i to 7 ins.) in diamettu’, and very seldom 
exceeded ft. in length. Tlie larger dimensions given above as now being 
used aj)pear to have reached the limits of juvieticahility, any further increase 
being probably the r<‘verse of beneficial. For instance, larger retorts would 
increase the diHiculty of manipulating the charge, and at the same time the 
greater free space above the charge would cause a considerable loss of heat, 
and thereby increase the consumption of fuel. 'I'o facilitate the burning of 
the charge, and exjmsing fresh surfaces to the action of sulphur dioxide, 
agitators have been proposed, consisting of rotary vanes mounted oji a hori¬ 
zontal shaft, so as to scrape the sides of the retort on the shaft being turned. 
Tliese, however,did not act perfcclly, the colour usually Imrning on the walls 
of the rctorl, and cither remaining green or turning (juile wliite. 'J'liis cir- 
eumstance may have been the pvincij)al reason wliy this arrangement - whicli 
is apparently a desiraldc one— has gone out of use, and is at present found 
only in a few works. 

MtilJle farnmc.'i (I' ig. (»l) are preferred in many hirgt* works. Their con- 
striictioti is very sitnple, and the various kinds only differ in poiiUs of detail. 
'Flic muHle,either made of fire-clay throughout or with fire-clay side sand an iron 
tojy, is built into tin? furnace, 'llm sole or hearth forms tlie cover of the healing 
chamber, the flame passijig upwards through a number of Hues provided on 
botli suites in tlie walls of tlie inutile and over the arched top into the chimney. 
'J*he hearth is made of strong lire clay plates with lap joints, luted «)r cemented 
together, and tlie whole surface siiKHithcd before using. 'J'lie muffle, when 
W’holly or jiarlly of iron, iirojeels about two inches from the sides of the 
furnace to enable it to he Lightly closed with tlie iron lid, whieii must be 
luted all round. Muffles made of fire-clay throughout should be built in eom- 
]>letely at the hack and closed in front, cxc('pt for a semicircular hole, the 
i>ase of whicli coincides with the surface of the liearth. 'I’hrough this hole 
the muffle is charged and emptied, and the opening may be closed, ifrecpiired, 
by a couiiterjioiscd iron slide working easily in an iron frame. Tlie ojiening 
is arched over with a hood, for conveying the gases into tlie chimney, since 
the sulphurous fume escapes through the working door and has to be regu¬ 
lated by the slide. 

The diiiKuisions of lln* imiflli' furnaces are not, like tlioscof the cylinder 
furna<*es, rcsirictcd within certain limits, and tlierefore muffle furnaces of 
very different sizes are found in practice. It must not, however, be con¬ 
cluded that largi* miillh^ furnaces arc more profitable than the smaller retort 
furnaces, for wiiilsl in the latter the heating of the crude green can easily 
be finislicd in one day (without a night shift), the Iieating process in the 
muffle furnac(?.s lakes (willi day and night sliifts) tliree to six days, according 
to the dimensions of the muffles. Considering further the fact that the 
mixing of the charge is effected far more quickly and thoroughly in the 
cylindrical furnaces, whilst the discharge of the superfluous sulphur fumes is 
far more convenient and alisolulcly safe, the cylinder furnace is decidedly 
preferahli^. It cannot be ascertained whether any otlier furnaces are really 
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used in ultramarine works. Other types have been proposed in tlie technical 
press, but it is not known to what extent they Iiave found application. 



t 

Tlie blueing of the ultramarine green on tlm large scale is effected, as 
already mentioned, by heating with sulphur. In comparison with certain other 
materials, such as sal ammojilac, hydrochloric acid, boric acid, chlorine, 
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wliich are also able to produce tlic colour change under certain conditions, 
the application of sulphur has tlie advantage of performing this change in 
a relatively very short time. 

When green ultramarine is heated the admixed sulphur burns to sulphur 
dioxide, a part of the sodium contained in the ultramarine green being also 
oxidised to sodium sulphate. This can be dctecte<l in the washing from the 
resulting blue, lienee a loss of sodium is incniTcd in tijc formation of 
ultramarine, and a similar loss occurs through all the states of the ultra¬ 
marine process. In the formation of green ultramarine of the formula 
SigAljjNa^S^Oj^ the live molecules of Na^SO^ are reduced by the heated 
carbon to .^Na^SO^, of which, as the temperature increases, four molecules will 
be decomposed to three molecules of Naj,S()^ + Na,S. I'lie resulting three 
molecules of Na„SO^ are again reduced by the carlHui to .'{Na^SO, and 
decompose again, with the remaining fil'tli molecule of Na,,S() 3 , to oNuj^SO^ 
and Na.,S. Tlicrefore at a certain stage of tiu; heating process there will 
be three molecules of Na^SO, besides two molecules of Na.,S. Finally, 
at a higher temperature the silica also enters into the reaction, and, since 
the presence of the carbon makes the conditions favourable, deprives the 
Na^,SOj of the Na,0, the nucleus Si^Al,,(),,, being formed. The two free 
attinities of this, when saturated by ‘iNaS, give the compound Si,.Al,.Na^S^(),„ 
green ultramarine (Si,.Al,Na/X, + = Si,.Al,,Na^S/)^,). Tl»e ^NaS 

entering into the nucleus must be assumed to have resulted by the inllucncc 
of the sulphurous acid liberat'd from the sodium sulphate by the coinbina- 
tion of tlie Na„0 with the silica. 

Exactly the same process takes place at the beginning of the healing 
process. Tlie sulphurous acid liberated from the green ultramarine abstracts 
sodium by formingsodium sulphate, whereby the quantity of sulphur in the 
ultramarine blue will increase in comparison to that present in tlie green 
(crude green contains three-fifths, crude blue four-fifths of sulphur). One- 
fifth of the sulphur escapes partly as sulphurous acid, partly uncombined. That 
a loss of sodium does take place in the conversion of green ultramarine into 
blue can be proved by employing some other converting reagent, such as 
gaseous HCI, phosphoric acid, boric acid, chlorine, &c., in all of which 
cases, besides the blue, the formation of a soluble salt of sodium can be 
proved. 

The roasting process itself is carried out in very different ways in practice. 

It depends, of course, primarily on the construction of the furnaces, but also, 
on the other hand, on the use of the necessary quantity of sulphur for 
colouring. With soda green this quantity is 7 per cent., and with Glauber 
salt green 9 to 10 per cent, of the weight of crude green, and must be either 
added before heating or supplied to the furnace gradually during the course 
of the heating process until the required intensity of the blue has been 
attained. The first method is worked as follows: Before the mixture of 
crude green and sulphur has been supplied to the cylinders or muffles these 
latter must be already in a glowing or strongly heated stale, and the heat in 
the furnaces must corres|)ond tollial one in the colouring furnaces. Accord¬ 
ing to the character of the crude green to be treated, the charging tem¬ 
perature will vary. The highest charging temperature—bright red heat— 
is required for Glauber salt green, wliile .soda greens can be charged at a 
somewhat lower temperature, say medium red heat. When the crude green 
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contains alum it must be roasted in muffles, heated until the liearth of the 
muffles lias attained a low red heat. After the furnace has been charged 
the treatment is the same lor all kinds of green, unless, as already men¬ 
tioned, the construction of the furnaces requires some alteration of the 
working methoils. Retort furnaces are charged with semicircular shovels, 
muffles witli flat iron ones, the work being done as quickly as possible to 
avoid excessive cooling. Before this is done the full caps must be taken off 
the cylinder ends projecting into the gangway, and replaced by the three- 
quarter caps. When the charge is in the furnace it must be tlioroughly well 
mixed and spread out flat to form an even layer. In retort furnaces the cap 
on the charging end is also replaced, the muffles heing, liowever, closed by 
letting down the slides, but leaving a sufficient outlet for the sulphur gases. 
1 he mass in the muffle is mixed with copper rakes fastened on long iron 
rods. Similar rakes, but of a smaller size, can also be employed to mix the 
materials in the retorts, but for this purpose moderately thick round iron 
bars are generally used. 

Immediately the furnaces have been charged, or a short time afterwards, 
the reaction begins under the influence of the increasing temperature. The 
sulphur melts .and burns gradually, forming snlifliurous acid (sulphur dioxide), 
which escapes in the form of white fumes. At the same time the green 
idtramarine shows a distinct alteration, the brightness increasing and the 
shade becoming darker. 

The material having been exposed for about thirty minutes to the in¬ 
fluence of the sulphur, the caps on the working end of the retorts must be 
taken off, and the contents of each cylinder mixed thoroughly and levelled 
down ag.iin. I he same is done in the c.ase of muffles. This opei'.ition must 
be repeated every half-hour, until the whole of the sulphur has been burned 
off. This will be indicated by the green colour of the charge gradually 
changing into blue, which does not occur until all the excess of'sulphur has 
been consumed. Samples must then he taken each time the charge is 
turned, these being spread out in the usual manner with a spatula and 
examined for the presence of white specks in the mass. As soon as these 
ajrpear the suitable temjrerature may be assumed to have been exceeded—a 
condition which must, if possible, be .avoided. It is advisable to keep the 
temperature ot the iurnaces at the same level for about forty-five minutes to 
an hour after the sulphur is burned off, and then reducing the (ire gradually, 
stopping italtogether aftertwoand ahalf to three hours. During this period, 
too, the heateil product must be turned over every thirty minutes. The 
caps must be replaced after each turning, the slides being returned to the 
proper position in the case of muffles. 

It may be mentioned here that the unwashed, crude ultramarine green 
differs from the washed green in the course of the colouring process, owing 
to its tendency to ball. In such cases the charge needs a very careful 
turning, and any balls detected must be crushed witli the iron rods in order to 
reduce the powder to the requisite fineness. 

When the mass in the furnace has been cooled so far that a chi)) of wood 
thrown into the cylinders or muffles will no longer ignite, several vessels, 
each containing about a quart of water, must be inserted in each muffle (one 
in the case of retorts). The furnace must be closed by nieans of the caps (or 
slides, as the case may be), and the joints made air-tight by luting with 
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clay (mixed with fire-clay, to prevent crackin|f), in order to exclude air com¬ 
pletely. The furnaces are allowed to cool <iurinj( the nijfht, and are opened 
next morning, the still hot colour bein^ (‘inptied into iron boxes provided for 
this purpose. Here the colour is left until (juile cold, which will take two 
to three days, according to tlie external tein]H*ralure. 

'I'hc other method of col<mrinj(, in which the necessary stdphur is sup}»licd 
to the crude ^reen ultramarine in successive j)ortions, may he shortly described 
as follows : The cylinders, or inullles, l)ein_i;' healed as <lescribc<l, must be 
charged with the crude ultramarine green, and the mass carefully levelled 
with a rake or iron rod. Each cylinder must he cliargcil with about t ewt. 
of green (for sizes not less than Hi ins. itMliameler), hut the inuflles witli 
about l i cwt. of raw material each. The charge must be spread out on all 
sides to a uniform depth of to ins. To ascertain the precise moment 
for adding the first portion of sulphur a lump of sidphur must he thrown on 
the layer of charge when the latter is heated right through; if the sulphur 
ignites at once the first ])ortion may be added. To prevent the temperature 
rising at this stage the fire slioidd he drawn or moderated by suitable nutans. 

A portion of the sidphur is then shovelled in, stirred up uniformly with the 
charge, and left to burn away completely. This operation must he repeated 
until the green colour has changed to a bright blue, tlic end point being 
easily and accurately tested by taking out a small sample and spreading it 
■with a steel spatula. In retort furnaces the portions of sulphur do not 
amount to more than I t lbs. at a time, about three times this (piantity being 
us> d for tile muffles. In other respects the working of the furnaces and 
the material is almost the same throughout as in the methods formerly 
described (<y.r). 

Vllramiriiic rkh in xilka which, as alrea<ly mentioned, is a soda ultra- 
marine, containing in the crude mixture uj) to 10 per cent, of finely ground 
silica (diatomaceous earth, iS:e.), based on the weight of china clay, does not 
require a supplementary treatment with .suljihur, but is roasted in specially 
constructed furnaces (lircct from the crude mixture. For this purpose 
crucible furnaces, or furnaces in which the mixture is calcined in stone 
troughs, liolding .5-1011 charges at a time, are used. The stone troughs are 
17 to ‘20 ft. long and 10 to K> ft. wide, and are placed in the furnace insueli 
a way that they can be reached on all sides by tlie Harne. The mixture is 
placed in the troughs, spread out to a depth of 12 to U) Ins., covered with 
fire-bricks, and then calcined for about three weeks. By tlii.s process a very 
bright and brilliant ultramarine blue is obtained, and one that oifers greater 
resistance to the influence of alum than any other kind of ultramarine. One 
defect of this product, however, is its high content of free sidphur, which 
renders it useless for certain purposes. 


5. Lmvialing and finlsidug the IJUramannc 
As has been seen in the explanation of tlie formative process of ultra¬ 
marine blue, the impurities to be removed by lixiviation after calciimlion 
consist of a larger or smaller (piantity of Glauber salt. The manner of 
effecting this operation is, however, by no means a matter of indifference, 
the quantities to be dealt with in large ultramarine works rendering the 
recovery of the Glauber salt a profitable affair. The solution must therefore 
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be strong enough to enable it to be concentrated for crystallisation without' 
any considcral)le expense. TJie mimeroiis jwocesses fulfilling this purpose 
more or less satisfactorily cannot all be describe<l here, and we will confine 
ourselves to only one, which is largely used on account of its simplicity, 
and may therefore be regarded as typical. 

'Fhe tanks in which the calcined material is lixiviated are simple filtering 
boxes of 1-in. to Ij-in. pine, measuring 5 to 7 ft. long and 40 to 60 ins. wide. 
A large number of such boxes will be required, arranged in rows in a room with 
a cemented or asphalted floor. Between each three to four boxes a wide 
gangway is left, to allow sufficient room for readily carrying out the work. 

The solid bottom of the boxes is 
Fig. 62. either quite fiat or sloping from 

the sides toward the middle (Big. 
()‘2). About () to 8 ins. above the 
bottom is mounted a false bottom, 
resting upon ledges, and per¬ 
forated with a large number of 
|-in. holes. This is the most im¬ 
portant part of the whole appa¬ 
ratus, and is covered with a strong 
cotton cloth, forming the real fil¬ 
tering surface. 'I'his cloth is 
fastened inside the walls of the 
boxes at a height of | to '■Z ins. 
from the false bottom with small 
nails driven in very close together, 
so as to make a tight joint all 
round and prevent the escape of even the finest particles of colour. Close 
above the true bottom at one end of the box (at the lowest point of the 
slope) is a hole about ins. wide for drawing off the filtered Glauber salt 
solutions into a vessel underneath. This hole is closed with a wooden tap 
or a sj)igot. 'I'he boxes are arranged in tlirees on strong wooden frames. 
The method of lixiviating the ultramarine is as follows: 

'J'he cold, calcined material from the furnace can be lixiviated at once, 
for which purpose a portion of the ultramarine blue is suffused in a small vat 
with a little hot water (75° to 80° C.) and thoroughly mixed for some time, the 
resulting paste being sifted into the nearest filtering box. Sliould the paste 
be too stiff’to rub througli the sieve with a brush exce])t with considerable 
loss of time, more water must be added to thin it down and accelerate the 
work. In this manner the filtering bf*xes are filled in succession until the 
stock of colour is exhausted. In large works, where seventy to eighty such 
boxes are used, a rail-track is laid between the vows, to convey a flat truck 
carrying the above-mentioned vat for charging the boxes. 

The wet colour is left on the filters, whereupon the Glauber salt, 
in solution, trickles through the filtering cloth into the empty space 
between the false bottom and the real bottom of the box. If the perfectly 
clear solution has a density of 13° B. or more, it may be transferred 
immediately to cool rooms for crystallising. Weaker solutions, however, 
must first be concentrated in evaporating pans, which are fiat, usually 
iron vessels, heated by the waste heat from the calcining or roasting furnaces., 
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, After the first solution of Glauber salt has been removed from the boxes the 
draw-off plug is replaced, and-hot water again poured on to the colour. 
The same process will be repeated, but this time a far weaker soluluui is 
obtained than before. The operation must be continued until the last 
trace of Glauber salt has been extracted from the ultramarine. With care, 
even a third solution suitable for concentration will usually be obtained, but 
the rest is so weak that this is no longer feasible, and unless it can be 
utilised in some otlier way (perhaps for manufacturing blanc fixe) it must be 
discharged into the drains. 

Before the colour remaining in the filtering boxes can be treated further 
it must be tested to see if all the Glauber salt has actually been removed, 
barium chloride being used for this purpose. If on adding a few drops 
of this reagent to a test-tube half full of the clear filtrate a white precipi¬ 
tate is formed, the washings still contain Glauber salt—fc., the colour has 
not yet been thoroughly washed. On the other liand, if tlie solution 
remains clear after the addition of the barium chloride, or shows only a faint 
white cloudiness, the colour may be considered as pure and the process 
finished. In testing with barium chloride the nature of the water used 
must be taken into consideration, since water containing dissolved sulphates 
(mostly gypsum) by itself gives a white turbidity under this test, It is 
advisable, therefore, to acidify the test sample with pure hydrochloric acid. 

The next stage in finishing the washed ultramarine blue consists of ivet 
grinding. Formerly for this purpose mills similar to white-lead mills were 
used, but nowadays only the so-called wet mills are employed (see Fig. }}) as 
described on page 25. It may be mentioned that for this process the stones 
should run at a speed notexceeding eighteen to twenty revolutions per minute. 
The number of mills required will vary according to the size of tlie works. 
'I’hcy are arranged in three to four terraces, or in rows side by side. In the 
former case the thin liquid colour is fed to the top mill, from which it runs 
down a gutter into the next one below, and so on, until it issues from the 
lowest one into a collecting tank. When the mills are placed side l)y side 
in rows each grinds a staled quantity of colour, so that the ground material 
can be drawn off from the mill direct into a collecting tank. 

Since sodium silicate ])asses into solution in the wet grinding of ultra- 
marine blue, it is therefore essential that soft water should be usetl for 
grinding. W'ater containing dissolved compounds of lime would precipitate 
the sodium silicate, forming calcium silicate, which retards the subsequent 
levigation of the colour. Hence for this operation, where steam is 
available—which will nearly always be the case—it is preferable to use 
condensed water, which can be obtained in sufficient quantity witliout any 
great expense. 

The quantity of colour fed to each mill depends, of course, on the diameter 
*of the stones. The success of the grinding process requires that stones of 
moderate size should be used, and therefore the weight of the material 
fed to each mill may be taken, on the average, as not more than 18 to 20 lbs. 
of dry colour. In many works the quantity is even less, viz., 0 to 10 lbs. 

With regard to the duration of the grinding process, no definite particu¬ 
lars can be given, so much depending on the nature of the colour. For dark 
shades about two hours are sufficient, but light and high-class brands will 
take longer, apart from the consideration that under certain circumstances 
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a second grinding maybe required, though this is only the case when ll, 
seems probable that the levigation residue will pay for regrinding. 

In setting tlie wet mills the stones should not be brought into actual 
grinding contact immediately on starting, but should he set closer and closer 
by degrees, the final position being attained in about an hour from tlie 
start. 

To ascertain the progress of the grinding process samples must he drawn 
from time to time, by means of a small wooden rod, and placed on white 
filter paper, the drops being dried as quickly as possible. A lustrous surface 
indicates, as a rule, sufficient grinding. When an equally finely ground product 
has been obtained from all the mills the whole is delivered to the common 
collecting vessel, a large wooden vat, and allowed to stand for thirty-six to 
forty-eight hours. 

The next operation separates the finer particles of tlie ground colour 
from the ever present harder particles, by a kvigatmg procexx, which is 
higlily important and requires much patience and attention. 

The colour in the collecting tank deposits the bulk of the blue during 
the thirty-six to forty-eight hours aforesaid. The blue top liejuor, containing 
the finest particles of colour in suspension, is baled into a vat and left there 
until the smallest particles of blue have settled down completely, 'i'his fine 
sediment will be afterwards mixed with the other products. Since ultra- 
marine blue is one of those pigments which settle down very compactly on the 
bottom of the vessel when deposited from suspension in water, it is generally 
necessary to use an iron bar to loosen the colour sediment in the collecting tank. 
The dislodged paste, wliich is so stiff as to be easily crumbled, must be divided 
equally among a number of levigating tanks in such a manner that each tank, 
40 ins. high in.side and of the same diameter, receives about 2 cwt. of dry 
colour. The levigation tanks are filled three-fourths full with soft, preferably 
condensed water, and the pasty colour simply crumbled in, the whole being 
mixed until the colour is equally distributed through the water. The pro¬ 
cedure is exactly the same witli all the tanks used for washing and levigating 
the stock of colour. This washing is for the purpose of separating the 
coarse particles from the finer ones, the former now settling down much more 
rapidly on account of tJie greater dilution, so that after two hours’ standing 
the liquid can be run into other tanks. Here the colour will take far longer 
(five to six hours) to settle down to such an extent tliat a fresh separation of 
the different degrees of fineness can be effected by baling. In twelve hours 
more a thinl (generally the last) baling is performed; and by this means tlie 
four tubs will then contain sediments of ultramarine of varying degrees of 
fineness, the first tub containing the coarsest ])artiolcs, whilst in the fourth 
or last the colour is in such a finely divided state that it docs not settle 
down completely when left to stand, 'i’his jiortion, therefore^ has to be pre¬ 
cipitated with saline solutions, for which pur])ose milk of lime, aluminium 
sulphate, alum, dilute mineral acids, &c., are used, these being added with 
continued stirring. When the resulting precipitate has settled down to tlie 
bottom the top li<juid is syphoned off, and the blue jiaste is pressed, (/ene- 
rally tlie liquid first baled from the collecting tank will he added to the 
contents of tJic fourtli washing tub for preci))itation. 

Ill ultramarine works the described levigating jirocc.ss is, of course, per¬ 
formed in a systematic manner. The washing tanks are placed in terraced.^ 



rows, so that the li(|nl(is can lx* lani olF conveniently into tlie tanks holoM’, 
until they (iiially arrive in (he lowest of all, wliere the precipitation with saline 
^ solutions takes pla(‘e. 'I’he eoar^e seiliinents remaining in the uppt’r tanks 
are united, roground, and afterwards h'vigatcd again, either alone or with 
other portions of the same shade. In the sntie manner the sediment from 
the second row of tanks will be united for further treatment, viz., pressing, 
drying, and grinding. Tlie same is done with the mass from the last two 
rows of tanks, so that in this way tlie whole hateh of raw' ultramarine blue 
stock is sejiirated into three distinct grades of different fineness (and some¬ 
times shade as well). According to the required fineness of the finished 
ultramarine blue, the sediments from the second and third rows of tanks 
may be wet-ground rcjieatedly, and levigated after each grinding, until 
finally the product attains such a degree of fineness that it will no longer 
settle down of itself and must therefore he precipitated by one of the above- 
mentioned saline solutions. 

The ultramarine paste obtained by the above method is dried in various 
ways in practice, inasmuch ns in many places this operation is carried on in 
proper drying-rooms proviiled with all modern arrangements for ventilation 
and heating. Sometimes, however, the waste heat of the furnaces is used 
for this jiroccss, the large space above the tops of the furnaces being also 
utilised for drying. In tlie former case fiat drying-hearths heateil separately 
arc used, the wet colour being placed in enamelled iron drying-pans. This 
arrangement requires sjiecial attention in order to avoid any risk of over¬ 
heating, whereby a greenish shade is easily imparted to the blue. The 
drying-hearth is decidedly preferable on account of its far greater working 
capacity. In many manufactories, iiowever, the above mentioned dr\ing- 
pans are placed on suitable wide strong iron drying-frames in special drying- 
rooms heated by direct .steam, whereby the drying process is, of course, a 
far more protracted operation than on the drying-hearths, though it generally 
furnishes a somewhat softer product. 

For drying the blue paste on the surface of the furnace to|is tliis surface 
must be covered perf(;etly smoke-tiglit with east-iron plates about half an inch 
thick, so as to make a level floor. 'I’hc heat is supplied by a flue, starting 
from the heating chamber of the furnace and ending below the centre of ' 
the drying surface, from which point the heating gases are conducted by 
smaller flues underneath the iron plates so as to heat all parts of the drying 
surface. All the flues communicate with a main, through which the hot gases 
finally escape to the chimney-stack. By this simple arrangement an equal 
temperature is obtained at all j)oints of the drying surface, thus ensuring 
uniform drying. 

In many blue works a large part of the ultramarine blue is dried in air 
sheds, erected either in the open air or in suitable, easily accessible places 
upon the roof of the works, &c. Partly to protect the cfdour from the rain, • 
and ])artly tokeej) up an equal and efl'ective circiiintion of air, the side open¬ 
ings of the sheds arc provided with adjustable louvres. 


(). Grinding, f>if\ing, and Mixing Vllramnrine 

'Flic dried ultramarine is in the state of more or less hard lumps, and 
must next he ground and sifted to obtain powder for sale, this being the 
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only marketable form of tlie product. This operation, too, is carried out in 
various ways in practice. All types of colour-grinding macliines are used for 
ultramarine with more or less success. To obtain a medium fine product 
from lump ultramarine blue that is not over hard the ‘‘chasseur" illustrated 
in Figs. ().S and 64 is the machine most frequently employed in ultramarine 
works. 

On the other hand, very hard crude ultramarine is somewhat troublesome 
to work with this sifting machine, especially if a very fine product is required, 


Fig. r,3. 



the sieves then needing frequent changing, whicli sometimes causes a very 
considerable loss of time. 

'I’he very fine brands of ultramarine (especially those obtained by the 
preeijutating process) used by ])aper Stainers, as well as for many other pur¬ 
poses, must be crushed and ground several times if necessary in small mills, 
and afterwards sifted in centrifugal sifting machines, or in boiling machines, 
to an impalpable powder. Nowadays very finely jK)wdcred brands of ultra- 
marine are sifted in the Jasse sifter, illustrated in Fig. .51 and described on 
page 6.S, on account of its superior cajwcity. Ball mills with a continuous 
sifting device, especially the larger sizes, also give very good results in crush¬ 
ing hard brands of ultramarine, and present the additional advantage that no 
preliminary treatment is necessary. Of course, where a large output is in 
question a number of these machines must be installed in order to ensure 
regular and continuous working. 

As it is not always possible to obtain products of uniform appearance 
and brightness from the furnaces, whereas customers naturally require 
constant qualities of ultramarine for their purposes, the products from a. 
number of different batches must be blended in such proportions that the 
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merchantable grades are always of uniform quality and shade. ’I'he relative 
proportions of the different raw materials needed to produce the rtajuired 
brands are first determined on a small scale, and these proportions are 
adhered to in mixing the bulk. 'I'he components being already in !i pul¬ 
verised state, it is sufficient to pass the thoroughly mixed product through a 
sifting machine again. In most cases the mixture is sufficiently complete to 
constitute a perfectly uniform product. 

In making cheaper brands of ultramarine blue the pure grades are 
mixed with a quantity of gypsum ranging between 10 jind M) per cent., 
according to the price of the resulting 
ultramarine, (lypsum being a distinctly 
crystalline body, of pure white shade, 
is didicult to mix so intimatclv with 
bodies of difl'eront shade that the mix¬ 
ture will appear uniform in colour. More¬ 
over, in the case of ultramarine blue, 
which is of low covering power in com¬ 
parison with some colours, the mixing 
must be performed with l>oth substances 
in tl.c dry state, and the operation is 
generally very Iroublcsoimr and recpiires 
the greatest attention. Some kinds of 
ultramarine, too, are unsuitable for 
directly mixing with gypsum, so tliat 
care must be taken in selecting the 
shades to avoid mixtures which would 
afterwards l)e absolutely useless, 'i’he Jioop iron. heater slialt. N, .sieve, 
dark shades of ultramarine, especially 

those with a reddish tone (more rarely the green shades), suffer most 
from considerable additions of white substances (gypsum), the shade being 
lightened to such an extent in some eases that the product can no more be 
considered a merchantable article. Hence special precautions must be 
applied to mask this very unfortunate influence on the brightness of the 
resulting mixtures. This can be effected by admixing along with the gypsum 
a certain (pianlity of some hygroscopic substance, which will keep the 
colour coustanlly moist and thus counteract as much as possible tlie lighten¬ 
ing influence of the white admixtures. Commercial glycerine, more rarely 
pale syruj), is generally used for this purj)ose in ultramarine manufactories. 
The simplest method is as follows: Assuming 400 parts of an ultramarine 
have to be mixed so as to contain 20 per cent, of gypsun), the mixture 
consisting, therefore, of 80 parts of gypsum and 320 parts of green tinged 
ultramarine, in the first place the 80 parts of gypsum are mixed with 
about 20 parts of finest precipitated blue (juite thoroughly, so as to colour 
it equally. The resulting mixture has then to be run, if necessary, several 
times through an edge-runner mill until a sample spread upon paper 
exhibits perfect uniformity of shade. This can now be mixed with the 
rest of the ultramarine much more easily, i.e, without any further grinding. 
It is spread out on a clean part of the floor to a uniform dej>th, and 
moistened with about 30 parts of a liejuid consisting of 10 parts glycerine 
or syrup (or both together) and 20 parts of water, the moistened mass 
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being then worked over thoroughly several times. The moistening is riidst 
effectually performed with an ordinary watering-can fitted witli a rose. I'lie 
uniformly moistened mass is sifted, preferably by hand, through a widc-ineshcd 
sieve, tlien s})read out afresh and allowed to stand until the next day, 
whereupon it is run through a beating mill or through a sieve until no more 
dry particles can be detected. The prepared mass can now be mixed with 
the pure ultramarine blue, in any proportion. The weiglied (juantity of 
ultramarine, in the present case .'120 parts, must be divided in two equal 
portions, and one j)ortion thoroughly mixed with the'damp mass by means 
of a shovel. The mixture is sifted again, but, being now less damp, can be 
put tlirougli a much finer sieve. Tim product, after having been allowed to 
stand twelve hours, is mixed in the same manner with the second j)orlion of 
the pure ultramarine and sifted again, this time, however, tiirough the finest 
sieve, the damp mass being able to pass without difficulty. 'I'he mixture 
obtained in this manner is indistinguishable from pure ultramarine in 
appearance, even when kept for a long time, whereby, although tlie greatest 
part of tlie admixed water will have evaporated, the shade will become 
even fuller. Provided these mixed brands, as in fact is always now the 
case, are sold hy tlm manufacturers as low’er grades at a lower ])rice, there 
can be no question of adulter.ation, more especially as such Immds are 
unobjectionable for many purposes (cheap paint, for instance). The case is, 
however, very different when—as seems to be now practised more frequently 
—the pure brands of ultramarine are mixed with gypsum or other 
cheap white mineral, coloured with blue aniline colouring matters. 
Products of this hind are inferior in value to genuine ultramarine, and are 
to all intents and purposes adulterations. Instead of addirjg glycerine and’ 
water, the aj)pearance of ultramarine, and certain other colours too, can 
sometimes be iniproved by a small addition of vaseline, with which the 
colour must be mixed most intimately in grinding. Moist or greasy products 
appear darker than dry ones. 

For testing ultramarine IloUminn* gives the following rules: Standard 
samples must be usedfor comparison. To examine the briglituess and intensity 
of tlie colour, a small sample of ultramarine is spread out evenly on white paper 
witlj a polished metal or horn spatula, and a Siiiall sample of tl)e standard type 
j)!nced beside it and pressed <I()wn in tlie same way. Jf both colours be of ecjual 
shade they cannot be distinguislicd one from the other; but wliere any differ¬ 
ence exists it will be readily distinguishable, the standard type being easily 
found the darker, lighter, more reddish or greenish, weaker or brighter, accord¬ 
ing to the character of the test sample. This test is a very accurate one. 
According to IVunder, the spectrum can be used for this purpose by placing a . 
sample of the colour, ground in colourless varnish, on glass, and observing the 
absorption sjiectrum. The fineness of texture is determined by spreading 
a sample of the colour on paper with the finger. 'I'he finer tlie colour the 
longer tlie streak produced. 

The colouring power can be tested by mixing <*acb of the saiiqilcs to be 
compared with tlie same (juanlity of china clay in a mortar. 'J'he stronger 
coloured mixture contains the ultramarine having tlie greater colouring power. 

To test the jiower of resistance to alum, a small sample of the ultramarine . 
is poured into a test glass with a concentrated solution of alum and shaken up 
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repeatedly. Tlie rate of decomposition shown by the fadin" of the colour caa ‘ 
be watched and coinj)arcd with the -standard type treated in the sani<i manner. 
The fineness of the pulverised pigments is of great importance in lids test. 
Ultramarines that can resist alum are s])ecially used by paper makers. 
Ultramarines coloured with blue coal-tar dyes can be detected by shaking up 
the sample with water and alcohol. The <letection of other adjuncts entails 
a complete chemical analysis. A special cliaracterislic of ultramarine is the 
fact that it is bleached by dilute acid, sulphuretted liydrogen being liberated. 

Ultramarine sickness ” is a phenomenon known to artists, whereby ultra- , 
marine ground in oil and used as a tldck coating gradually becomes dead and 
bleached when applied thinly, more like a glaze or varnish. This phenomenon 
rarely occurs, neither is it observed when mixtures of ultramarine and white 
are used. 

'riie cliemioal constitution of ultramarine is not exactly known, nor have its 
components been successfully isolated. Why this body, which is compoimded 
fromsubstaiices which,with theexceptionofthe pale yelIowsulphur,are colour¬ 
less, should exhibit colour is also unknown, and little explanation is available of 
the part taken by sulphur in its formation. 


In order to complete tlie subject, a few words on violet and red 
ullramavine may be given. Violet ultramarine is not a separate com¬ 
pound, but a mixture of blue and red ultramarine, constitutiiig an inter¬ 
mediate stage in the manufacture of the Utter from the former under the 
influence of sal annnoniac. The principle of its formation is based upon 
the action of dry liydrochloric acid and oxygen at 150° to 1H0° on blue 
ultramarine, the latter being deprived of sodium in the form of sodium 
chloride. According to Grtmziveig, soda blue is mixed with about .5 per cent, 
of sal animoniac, Llie mixture being then ground and placed in a furnace for 
twenty five hours at about 150°, the mass being stirred every half-hour. 
Ammonia and nndecomposed sal ammoniac are given off. 'J'lie bine is thereby 
converted first to a dirty violet shade, which afterwards becomes purer. After 
twenty-four hours the violet mixture is transferred to another part of the 
furnare, and heated four days longer at about 130°, whereupon the violet is 
ready for use in mannfactuiing ultramarine red, or to be put through a wash¬ 
ing and grinding process for sale. 

For making red ultramarine the violet product is put into a jacketed 
iron cylinder fitted with a stirring machine. Steam is admitted into the jacket 
and the contents of the cylinder heated to about 150°. Dry hydrochloric acid 
gas is next j)asscd over the violet, which is kept in movement by the stirrers, 
and ill tlie course of a few hour-s -if the right ijuantities Iiave been used— 
the hydroeliloric acid gjis will be completely absorbed, and the red colour 
gradually developed. When finished, the red must be washetl in alkaline water, 
dried, and ground. To obtain a jxirer and rieln*r shade with a blue tinge, the 
red, which was initially somewhat yellowish, must be exposed to the air in a 
thin laver for several days. 

On'heating red ultramarine above 3^)0'^ or treating it with bydrocbloric 
acid gas at a higher temperature than above mentioned, yelhw uUmmarine 
will be very (|uickly formed. 

In the conversion of blue into violet by the process described sodium and 
sulphur are abstracted fronr the blue, whilst th^ latter takes up oxygen. Or 
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treating the violet further with hydrochloric acid gas in presence of air the 
content of sulphur will remain unchanged, but more sodium is abstracted and 
more •»xygen taken up. During the conversion into yellow a further dimi¬ 
nution of the sulphur content occurs. 

The violet, red, and yellow ultramarines are of little practical importance, 
and their chemistry is still obscure. 

{(i) Blue Cobalt Colours 

The members of this group are but very little used as colours in the true 
.sense of the word, having been on the one hand entirely displaced by newer 
and more intensive colours, whilst, on the otlier, their high price has always 
been a serious obstacle to general application. 

'I'he blue cobalt compounds known in commerce as smalt,king’s blue,cobalt 
blue, Leyden blue, Dumont blue, Theiiard blue, cmlin, bleu edeste, iS:e., can¬ 
not be, regarded as piguiciits in the true sense, since they are really coloured 
glass masses which only acquire the aj)pearancc of pigments on account of 
their very fine state of division. Consequently these colours lack the pro¬ 
perties that pigments are usually required to possess, viz., a sufficient covering 
power, in addition to brightness of shade, 'I'his most important quality is 
entirely al)sent, and therefore the blue cobalt colours, a))art from tlieir very 
small use as artists’ colours, are not used as oil or varnish paints. Neverlhe- 
les.s, from their chemical composition they are highly indifferent to all pos¬ 
sible influences, especially high temperatures—qualities which enable tliem 
to be applied for colouring glaze fluxes in pottery, in the manufacture of stone¬ 
ware, enamel, majolica, as well as in the glass industry ; and, indeed, it is 
chiefly for these ])urposes that they are now produced. The eo!)alt colours, 
even such as are not blue, are made exclusively from cobalt ores, known in 
the trade (in an imperfectly roasted state) as zajf're or xaj/lo/irr. 'i'hese are 
cliiefly obtained from cobalt glance, consisting essentially of cobalt oxide, 
with variable quantities of arsenic, nickel, co])per, and traces of manganese 
oxide, bismuth oxide, &c. According to the purity of the cohalt ores— i.c., the 
content of cobalt oxide—safflower is graded into fine, medium, and ordinary. 
In commerce these three qualities are known by the following marks: FS or 
FFS, fine ; MS, medium; and SO or OS, ordinary. 

'I’he cobalt ores are roasted in reverberatory furnaces, merely to convert 
the metals into oxides or sulphates, the formation of metal sulphides and 
metal arsenides also occurring to a small extent. When cobalt ores ricdi in 
arsenic are roasted, this latter element is oxidised and furnishes variable 
quantities of arsenious acid. To collect this product as a sublimate the 
furnaces are provided with flues, in which the product of sublimation is 
deposited in consequence of the lower temperature prevailing in the flues. 

Smalt {SmaUe, Exchel) 

The oldest representative of the blue cobalt colours, smalt, was already 
known in the middle of the sixteenth century, at which time it was discovered 
by Schiirer. When he sold his secret to England the first smalt mills were 
erected in this country, but all the cobalt ore was obtained from Saxony, so 
the mills soon had to he stopped when the Elector John I. prolnbited" th^ 
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export of the mineral, and started the still existing first hlne colour factory 
at Schneeberg, in Saxony. 

'file technical production of smalt is based on the ca|>}ioity of colmUous 
oxide to fuse with silica and potash to a deep blue coloured glass, which, 
when powdered and levigated, attains such a fine state of division as to be 
capable of use as a |)iginent. The manufacture of smalt is therefore divided 
into two (juitc sej)arate stages, the fusing process and tin; crushing of the 
fused j)roduct. 

Before entering on a description of the first operation,, the fusing, the 
salient features of the coinpositioji of the glass charge must l)e referred to, 
even though briefiy. Silica is mostly used for this purpose in the form of 
quart/, as free as possible from admixtures containing clay or lime, as tliese 
would cloud the glass and form impure colours. The alkaline flux for cohalt 
colours cofisists exclusively of potassium, mostly in the form ot potash (potas¬ 
sium carbonate), though sometimes potassium sulphate is used. J'he corre¬ 
sponding sodium compounds, viz., soda or (Ilauher salt, although cheaper than 
potassium salts, cannot be used, since they forma bluish violet glass instead 
of the pure blue product obtained with potash. 

It is of the greatest importance in compounding the glass mixture that 
the eobalt(MJS oxide should form the sole colourijig ingredient in the glass, 
for on this fact alone dc])ends the purity of the resulting shades, which ot 
course will be brighter in proportion to the amount of that oxide in the 
mixture. However, since the other metals contained in safflower—especially 
iron and copper—also give coloured glasses, tlie formation ()f the pure blue 
shades w<iu!d be considerably disturbed by their presence, and care must 
therefore be taken to obviate the diTrimenlal effect of these metals in the 
glass as far as possible. This can !)e effected by adding to the glass charge 
a quantity of arsenic In proportion to the weight of tlie cobalt ore.s, the 
arsenic being obtained, as describe<l above, by sublimation in roasting the 
cobalt ore. In the course of the fusing proce.s.s the arsenious acid encounters 
the metals iron, nickel, cop|)er, Ac., and fortns the corresponding arsenides, 
which, l>eing specifically heavier, separate from the liquid glass mass and 
settle down to the !)ottom of the melting-pots. 'I’he separated regulus, 
called cobalt regulus, contains nearly all the metals* which would have a 
detrimental influence on the colouring eflecl of the cobaltous oxide in the 
glass. The effectual separation of this regulus is therefore tlje crux of the 
whole fusing process. 

The fusing of the glass charge is effected in glass furnaces of the usual 
type, viz., upright reverberatory ffuine furnaces, heated by direct fire, the 
melting-chamber being placed above the fire-grate. The inelting-cliainber 
is either square (rectangular) or oval in shape, and it is roofed over by a 
pointed or Hat arcli. 'Hie bed of the furnace is intersected lengthw ise by a 
fairly broad channel, so as to leave on both sides a narrow strip or bench, on 
which are placed the glass pots filled with the charge for melting. Surround- 

* The reffuliis of cobalt consists of : 

Nickel . 48 20 parts Cupper . 1-93 parts 

Cobalt . 1'63 „ Arsenic . 42’08 „ 

Bismuth . 2'44 „ Sulphur . 3'07 „ 

Iron . . 0'65 „ 

(According to R. Wagner.) 
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ing the glass pots, at the same level as their upper edge, is a orick wan, the 
ring, carrying the furnace top. Immediately below the latter, and in front 
of each melting-pot (of which each furnace usually Iwlds eight to ten) is n. 
working hole, through whicli tlie pots are charged and emptied and the 
contents stirred. 'I'lie glass charge and ore being filled into the mclting- 
[)ots, the mass is heated by a strong fire and frctjuently stirred until it has 
melted completely out. Without interrupting the firing, a short lime is 
allowed to elapse for the regulns to settle down properly, and finally the 
liquid glass mass is baled out and poured into cold water, by this sudden , 
cooling (quenching) the glass bursts into small friable lumps and granules 
ready for grinding. 

The grinding and levigating are -generally carried on at t!ie satnc time. 
Formerly this w'as done in small stamping mills, but at present wet mills or 
medium-sized rolling mills, specially arranged for this purpose, are used. The 
levigatijig process generally takes place on the same principle as already 
described for the ultramarine blue ((/.v.). After levigation the fine smalt is ' 
dried and sifted in tlie usual manner. The commercial grades of smalt vary 
according to the fineness of the iK)wder; and certain differences also exist 
with regard to their intensity. I'lie darker and coarser-grained brand of smalt 
is called ordinary colour (‘^gros bleu”),the iiextfiuerand somewhat paler kind 
is sometimes called Eschel or ‘Mnedium colour,” and the j)alest and finest- 
grained levigation product is fine colour.” Smalt consists of: 

f)() !2 to 7211 parts silica 

„ l'9-'> „ cobaltous oxide 

lf)-.‘ll „ 1-80 potash 

8-64 „ 20‘04 „ alumina 

Small quantities of lime, ferrous oxide and nickelous oxide, arseiiious 
acid, iS:c., are also present. One part of cobaltous oxide will colour as many 
as 250 parts of glass a distinct blue. 

Smalt is ojily sliglitly attacked by cold hydrochloric or nitric acid. C austic 
alkalies have no action. Hot hydrochloric or sulphuric acid will extract a 
yellow-green solution. 

Smalt is not entirely unaffected by water, semi-dissocialed glasses of 
lighter and dirtier shade being therefore formed in the levigating process. 
Water also causes the smalt to become sandy, on whicli account the washing 
and levigating process must be performed with care. 

Small is adulterated with gypsum, clay, and ultramarine (revealed by the 
acid test). 

Cobalt Blue 

{Cohall Vllramarine, Coball Blue, Tluhiard or Lcijden Blue, A'i«g’.v Bliut) 

With regard to its chemical composition, tliis colour is a compound of 
cobaltous oxide and alumina, or of both, with variable quantities of zinc oxide. 
Whether the latter enters into combination entirely or whether only 
a portion of it is chemically combined need not be discussed in this place. 
At all events, the grades of cobalt blue containing zinc oxides sliow > 
striking difference in external appearance. The cobalt blue prepared 
from alumina and cobaltous oxide only is always of a vyddish shade^ 
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the kinds obtuincd with zinc oxide are of a pure greenish blue 
• shade, according to the amount of zinc oxide present. As in tlie ease 
of smalt, the pigmentary material Is coballous oxide. I'he colour Is l>csl 
obtained by subjecting a mixture of alum and oobaltous sulphate alone 
or combined with zinc sulphate to strong and protracted ealeinalion. 

.'Cobalt blue can also be produced by heating dry alumina with other salts 
- of eobaltous oxide, such as coballous nitrate or phosphate, b«»t the product 
is more expensive than that obtained by the first method. The compound 
has now no technical value, and is only u.sed for obtaining special eft'ccts by 
artists and in porcelain painting. It was formerly used as a water and oil 
colour, in colouring artificial flowers, and for priiiting l)ank-n(»tcs, iS:c. (being 
very difficult to reproduce photographically). TIu: <‘ommcrcial l)rand is U, 
the various grades being FFLI, ML', OU. 

Another blue cob.ilt colour, cohaltons stannale, known as (’(irulcum, hIr.H 
. ccU’ste, ikc.y is exclusively used as an applie<l artist’s colour. It is obtained 
by heating eobaltous sul])hate, tin salt, and chalk, and consists tlicn of 
eobaltous oxide with variable (piantities of tin oxide and calcium sulphate. 
This is the oidy cobalt colour that cawers well willjoul l)eing granular. It is 
suitable for oil painting, and is specially used for painting skies. Unlike 
the other cobalt pigments, eouruleum does not seem to have a violet tinge 
by lamp-light. 

In accordance with the very divergent chemical composition of the blue 
mineral colours, tlieir technical application is of a highly varied character. 
Considering in the first place the two chief uses of the colours in gcncral-- 
as oil paints and distempers - the blue coj)per pigments are entirely unsuit¬ 
able for mixing with varnish, tliough to a certain degree considered 
to be very durable when used with and upon lime. 'Dio exact contrary is 
the case witJi regard to the fcrrocyanogen pigments. 'Tliese form an 
extremely good material for painting in oil, especially in their mixtures 
with white and yellow pigments, whereas their resistance to lime is practi¬ 
cally nil. iJetween these groups of colours come ultramarine blue 
and, to a certain degree, the blue cobalt colours as w-ell. Whilst 
the first, however, are used as oil or lime colours indifferently, the high 
cost of producing tlie cobalt colours, as already mentioned, militales against 
their general application, and hence they are restricted to artist's colours. 
Some importance, ho^vever, attaches to their application for painting on 
stone-ware and porcelain, where tliey produce effects that cannot be imitated 
by any other products. 

Blue copper colours cannot be used for painting with oil and varnish 
because of their low <*oveiing power, and, more esjieeially, their strong 
tendency to saponify with fatty acids. The rate of tins saponifiealioii 
varies according to tin; more or less .stabl(“ condiinalion ot the blue 
copper salts, but always results in a greening of the pure blue and 
consetpienlly vtrry delicati; sliade of these salts. The very low stability 
of the copper compounds with hydroxyl and carl)onic acid (such as are here 
in (piestion) specially facilitates the formation of copper soaps with the 
fatty acids of linseed oil, and consequently these paints arc most liable to 
deconijmsc rapidly in the manner s))ccified. 

On the other Imnd, the fornmtive process (d‘ the ferrocyanogen colours 
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by means of the strongest mineral acids or compounds acting in the same 
manner renders the products absolutely insensitive to all acid influences, 
and still more so, of course, to those of the weak fatty acids. This property 
renders the ferrocyanogen colours excellent materials for mixing and 
shading nearly all pigtnents, their high covering power being also a 
specially important factor. Ultramarine blue does not ])ossess these 
advantages in the same measure, its covering power being very inferior as 
compared with Prussian blue, whilst the high sulphur content of ultramarine 
almost entirely prcclude.s a mixture with most other j)igmenls, especially 
those containing lead, which are very important technically. Although in 
such cases the formation of black lead sulphide does not take place at once, 
it will enstje in course of time in paints made from such mi.vtures, and the 
more so the lirger the quantity of ultramarine present in the mixed colour. 
For this reason it is inadvisable to add even small (piaiitities of ultramarine 
blue to white lead in grinding in order to remove its peculiar yellowish 
shade, for when dry such paints tarnish to a greater extent in a rcl.alively short 
time than those made from pure white lead. Moreover, apart from the 
injurious ctfcct of its sulpliide sulphur, ultramarine is unsnitahle for producing 
green mixtures, on account of its tone, even the palest shades of idlra- 
marinc blue being nearly violet when compared with the greenish blue 
shade of the ferrocyanogen colours. Hence when mixed with pale vellow 
(for instance, <‘admium yellow, which is indifferent toward ultramarine) it 
always gives olive-green shades only. 'I'hough this property of ultramarine 
unfits it in general for <)il paints, where almost exclusively mineral colours 
are used, it is of all the greater value for obtaining a variety of olive-green 
shades in the manufacLuring of wall and fancy papers, wlicre the yellow 
mkicral colours arc replaced Iry leadless yellow lakes. Here also the far 
greater covering power of ultramarine blue in distemper paints comes into 
prominence. NN’ith regard to the use of blue mineral c(»lours for liuje 
washes, ultramarine naturally takes the first place, since the less covering 
and more delicate shaded blue copper pigments can only be used to j>roduce 
especial effects unobtainable with tl>e reddish ultramarine shades. 

Fastness to light is a property shared equally l)y all blue mineral 
colours. 

The use of Prussian blue in green mixtures will be discussed later on in 
connection with the chrome and yanc greens. 


GREEN MINERAL COLOURS 

According to the raw materials used in making the green mineral colours, 
these can be divided into three classes: copper, chrome, and vltramarine green 
colours. With regard to the first of tliese, copper sulphate is now the sole 
raw material used in their production. To prepare the numerous and Inglily 
varied chrome green colours, however, potassium chromate is used as well 
as tlie cheaper sodium chromate. The application of ultramarine green— 
which, as we have already seen, is really an intermediate product in the 
manufacture of ultramarine blue—is now almost discontinued, and is therefore 
relatively unimportant. 

Of the green copper pigments only three representatives arc at present 
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01 imporiance; verdigris, Sclnvclnfurt green, and certain by-products, the 
so-called lime-arsenic greens, which, however, are ginng more and more out 
of use, for various reasons. The shades of these pigments can be exactly 
imitated by certain new lakes, whilst, on the other hand, the highly poisonous 
nature of the pure copper colours, and still nun’C so of the co|)per arsfunc 
colours, greatly restricts their general application, apart from the considera¬ 
tion of tlicir relatively high cost of production. 

'I'he chrome greens also may be divided ijito difll'erent varieties, chronic 
green proper (oil green, green vermilion), zinc green, chrome oxide green, 
permanent green, &c., being the most important and best-known kinds. 
Only the chrome oxide greens are natural colours, the others being mixtures 
from yellow and blue, chrome greens from chromes and Prussian blue, zinc 
greens from zinc chrome and I^riissian blue, permanent greens from zinc or 
chrome yellow and chrome oxide green. 

On comparing the most prominent qualities of the different varieties of 
green mineral pigments, it is found that chrome oxide green ami the per¬ 
manent greens prepared therefrom arc very fast to light and atmospheric 
influences. Nearest to these come all the green copper pigments and the 
ultramarine green, which latter, containing suljduir, is specially insensitive 
to the detrimental influence of sulphuretted hydrogen gas, so destructive to 
many metallic colours. Then follow tlie zinc greens, and finally the chrome 
greens, which have a very low power of withstanding the influences in ques¬ 
tion. Tliis also applies to the stability of green mineral colours in lime 
washes. VV'ith regard to their covering power in oil paints, as well as suit¬ 
ability for water colours, tlie chrome greens take first pln{*e, followed hy the 
zinc, chrome oxide, and permanent greejis, whilst tdtraniarine green and the 
copper green colours come last of all. 


{a) GREEN COPPER COLOURS 
Verdigris {Ferl de diix, (iriinspan) 

Verdigris (copper acetate) cannot be considered a colour in the true 
sense, being a crystallised salt largely soluble iu water. Nevertheless its 
different varieties, when pulverised and ground with varnish, arc extensively 
applied in many countries for painting on irielals, eg., sheet iron, which it 
protects very effectually against rusting. Of cour.sc, it is not applied in a pure 
state, since, being crystalline and more or less trans])arent, it gives only 
glaze paintings, and must therefore be mixed with covering pigments 
having no effect on its shade, such as white lead, zinc white, lead sulphate, 
&c. Similar paints can also be used on wood, for which they act as an 
excellent preservative. 

The manufacture of verdigris was originally carried on exclusively in 
France. Thence, in time, when it came into great demand on account of a 
lack of other green mineral colours, it spread gradually to other countries, 
especially those where viticulture was extensively practised. The product, 
however, was always inferior to the French article, which is even now re¬ 
garded as the best. From this circumstance the method of producing verdigris 
was long enveloped in mystery and considered to be very difficult. This is, 





however, by no means the case, the manufacture of this salt being, onsthc; 
contrary, a very simple process, and in many parts of France is conducted on 
very primitive lines. 

The French method of manufacturing verdigris -in former times a kind 
of domestic iiidustry—is very similar to the Dutch white lea<l process, be¬ 
fore entering, however, on a description of the method it is necessary to 
devote attention to the most important properties of verdigris and its chemical 
composition. 

Verdigris is copper acetate, of which there are technically two kinds, 
basic and neulrol verdigris. The former is blue in colour, and is generally con¬ 
sidered to be a compound having the formul.a Cu(C2H,,()jj)j.Cn(()H)j5HjO. 
There is, however, a second commercial basic verdigris too, distinguished. 
from the former by a more decided greenish tinge, and probably having the 
formula Cu(aH/).;), 2Cu(()H),. 

Neutral verdigris (so-called distilled, but more properly termed ci'ystaUised 
verdigris) is olitained by dissolving the basic compound in acetic acid, or by 
decomposing copper sulphate with sugar of lead (lead acetate) or calcium 
acetate, wlicreujmn lead sulphate or calcium sulphate (gypsum) is precij)itatcd 
as an insoluble by product: 


or 


C'uSO, + F1)(CTI,0,)^, 

Copper sulphnty Sup:ar of lead 

CuSO,, + Ca(CTI;,OA 
Calcium aectato. 


Cu(c;h,oj, + Pbso, 

KcutrnI verdigris Lead .sulphate 


Cu(C,Hpj, 


+ 


CaSO, 

Gypsum. 


The neutral verdigris exists in commerce in the form of grapes” of mag¬ 
nificent dark green opacpie columns, whilst the basic salt is put on the 
market in the form of ball.s, loaves, &c., as well as*in cylindrical packets, 
covered with leather or strong grey packing paper. In this state the 
basic verdigris is very tough and solid, being otherwise very difiicult to 
crush. Very good and well-matured sorts exlnbit an earthy or foliaceous 
fracture, and radial fracture traversed by small brilliant crystal plates is also 
a highly appreciated indication. 

\x\the French proccssof making verdigris metallic copper is gradually con¬ 
verted into basic C()pper acetate by vinegar obtained from the fermentation 
of graj)e husks. The method is capable of numerous modifications, and in 
France the process varies according to the district and the extent of the 
wine-growing industry. In all cases it is primarily essential to store the 
grape husks in such a manner as to ensun^ complete fermentation, and 
afibrd tin? possibility of working satisfactorily the whole year through with 
the aecunnilatcd store of material. The selection of the husks for this 
purpose is by no means a matter of indifference. The most suitable ones 
are those coining direct from the wine press, whereas tliose husks that have 
been stee])cd in water repeatedly, or even once, and pressed out again are 
mostly useless, being unable to ferment from lack of sugar, and, in fact, 
liable to rot in a very short time. 

The fresh husks arc stored eitlier in large open casks or in sj)ecially airy, 
dry rooms floored with glazed earthonw'are plates. The husks arc spread 
thereon, well stamped <lown, and left. The acetic fermentation usually 



in tiie course of a few weeks, sumetinies sooner with husks of good 
quality. In any event, however, the husks an^ useless for the purpos(* in 
view unless a distinci aroma of vinegar is given off at the eonimeneenn'nl of 
fermentation. 

In the simplest process the Ini-sks are portioned out in earthenware 
vessels as soon as this condition has been attained, and circular or coiled 
thin copper sheets are inserted into these vessels in such a manner as to be 
surrounded on all sides by the husks. Before immersion the copper sheets 
must sometimes be put into a solution of verdigris in vinegar, then dried, 
heated, and covered with the husks, this treatment assisting to start the 
formative process. The vessels are placed in a unirormly warm room, in 
cellai*s, holes specially dug for this purpose, ike. When a suflieienlly thick 
coating of verdigris is formed on the surface of the copper sheets, which 
sometimes lakes a considerable time, it must be scraped off, the verdigris 
being tlien collected, kneaded with water into ii homogeneous mass, pressed 
in bags of leather, strong paper, or pasteboard, dried, and put on the market 
The copper sheets, after being cleaned from the verdigris, can, of course, be 
used again until completely decomposed. 

'I’he arrangement is different when the manufacture of verdigris is e;irried 
on directly in closed rooms, the use of earthen vessels being avoided. In 
this ease the copj>er sheets, which are generally thicker tliuTi in the other 
case, and fiat, must be jffaced in rows side by side upon a layer of husks, and 
are covered with another layer of husks. This alternation of copper jjlates 
and busks is repeated until the mass has reached a heiglitof :i‘2 to K) ins. 
it is not advisable to go higher, since tl»e pressure on the lower parts would 
then be too great, and the successful course of the process might be endan¬ 
gered. Care must also be taken that the copper sheets do not come into 
coninct, but are covered evenly by the husks. The reaction of the vinegar 
on the metallic copj)er-gcnerally begins at once, and in the course of a few 
days the sheets will be covered with a distinct coating of verdigris, the 
formation of which then progresses in tijesaine projmrtioii as the teinj)eralure 
of the room is more or less favourable. For this reason the progress of the 
reaction must be carefully controlled, and care must be taken to suitably 
modify the temperature whenever an interruption or retardation of the ])ro- 
cess occurs. If in the cour.se of three to five weeks the husks are found to be 
completely exhausted of acetic acid, there is nothing to be gained by leaving 
the metal any longer, and therefore the copper sheets covered with verdigris 
may be sera])od as already described, or else arc moistened with warm water 
Qtid put on frames for about three weeks in a moderately heated room, where 
they are kept constantly damp by a small current of steam. Under this 
treatment the hard crust of verdigris on the copper becomes soft by absorp¬ 
tion of water, swells up, and can be separated from the metal very easily by 
scraping it with copper spatulas. The further treatment of the verdigris is 
the same as already described. 

'I'he same result can be obtaiiu'd much (piicker by replacing the eo])per 
sheets by coarse copper filings, as is done in certain trench inamdactories. 
The filings must be thoroughly mixed with the husks already producing 
vinegar, and placed in large glazed earthenware vessels in cool rooms. After 
a few days the mixture grows warm, tlic heat increases more and more, 
and in the course of about a week the reaction will be in full swing. It is 
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complete as soon as the heat diminishes and only a faint smell from vinegar Can 
be detected, llie husks then feeling nearly dry. I he mixture is afterwards 
dried on shallow trays in the open air. Finally the verdigris is freed from 
husks in a suitable jigger, and ground in pug mills to separate the still uudis- 
solved particles of copper, packed in barrels, and sold in powder form. 
Mention has already been made of a modiheation of basic verdigris, distin¬ 
guished from the verdigris obtained by the above-described process not only 
by an essentially more greenish shade, but also in point of chemical compo¬ 
sition. This verdigris, which ])rol)ably has the formula Cu(Cj.H 3 ()jj)j.. 2 Cu(OH)j, 
is obtained by the direct action of acetic acid on metallic copper. 'Die copper 
is used in sheets about ^ in. thick, coated with a solution of verdigris in 
vinegar, and then laid one upon the other in regular layers alternating with 
flannel rags of the same size dipped in acetic acid. At intervals of three days 
the layers are taken apart, the flannel rags soaked afresh with vinegar and 
replaced with the copper sheets as before. This must be rejicated until the 
surface of the metallic sheets exhibits small crystals, which will generally be 
in two to three weeks’ time, according to the temperature of tlie workroom. 
Procedure is now modified, the taking down and rearranging of the layers 
being repeated only every six days, whilst a more dilute vinegar is 
use<l for moistening, and a couple of sinall rods are placed between the 
flannel pieces and the metal sheets, so as to keep the copper with the damp 
flannel rags out of inutual contact. The coj)per sheets covered with verdi¬ 
gris must now’ be dipped, previous to repiling, in lukewarm water for a short 
time. At a moderate temperature (15‘^C.) this rather troublesome process 
will be finished in seven to eight weeks, the formation of verdigris having 
proceeded so far as to render its removal from the metal (by scraping) 
profitable. 

^sentr(d I'crdigm, Cu(Cyknown in the trade as “distilled or (crys¬ 
tallised) verdigris,” is also manufactured by various methods, all, however, 
culminating in the concentration and crystallisation of the resulting solution 
of copper acetate. In some works this solution Is j)repared by treating basic 
verdigris with about its own weight of .3!si per cent, acetic acid (specific gravity 
T045). As the resulting solutions may contain various impurities, such as 
grape husks, seeds, &c., they must always be filtered before concentralioii. 
'This latter operation is preferably carried on in coj)per retorts provided with 
a receiver for recovering the volatilised vinegar. When the concentrated 
solution of verdigris marks a density of tiO” Be. it is then ready for crystallising. 
It is poured into crystallisation vats, generally shallow', rectangular oaken 
chests. Small round wooden sticks, with cross-pieces fastened on the lower 
end, are suspended in the liquor, and on these the verdigris is deposited as 
crystals. The larger the sticks, the larger the “ grapes ” arise, and the more 
accelerated the crystallisation process. 

Of those processes for making neutral verdigris by decomposing copper 
sulphate with calcium acetate, barium acetate, or lead acetate, only the first 
one will now be described. The other two are rarely employed, and, besides, 
they exhibit no difference of procedure or result, excepting perhaps in the 
higher cost of the product. 

By treating copper sulphate with the equivalent quantity of calcium, 
acetate, calcium sulphate is precipitated in the form of a white crystalline 
mass, settling down to ti'.e bottom of tlie tank on standing, and thereby 
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allowing the solution (of copper acetate) to be separated by decantation. 
Calcium sulphate (gypsum) being soluble in cold water more easily than in 
hot, especially wlien in such a finely divided state as it is here, the reaction 
is preferably conducted at boiling temperature. 'I’he continued heating of 
the Ii(|uids being, however, impracticable on account of the expense, the pre¬ 
cipitation of gypsuni is incomplete, as will become evident when the solution 
of verdigris is being concentrated, the previously clear solution then deposit¬ 
ing considerable quantities of gy))sum, partly as a loose precipitate on the 
bottom of the evaporating pan, and partly as a hard incrustation’on the 
sides, thus necessitating sometimes an increased cotLsumj)tion of fuel. F(»r 
these reasons preference is given to methods (described later on) ftn* obtain¬ 
ing verdigris by means of co])})er carbonate, as an intermediate product, 
or directly from metallic copper and acetic acid, no artificial heating being 
necessary. 

Copper sulphate is easily obtainable pure in commerce, viz., especially free 
from compounds of iron. The calcium acetate, however, must generally i)e 
made in the colour works. The cheapest way is by dissolving pure (juicklime, 
in the form of a thin milk of lime, with the corresponding quantity of acetic 
acid. For this purpose pure commercial pyroligneous acid is diluted witli 
water to form an 8 to H) per cent solution, and the already prepared milk of 
lime is run into this dilute a(rid, with continued stirring, until the latter is 
completely neutralised, viz., until a small piece of blue litmus jwipcr di])pe(l 
into the ikpiid is no longer turned rod. 'fhe solution of calcium acetate is 
then allowed to stand in the working tank (preferably a suitable large wooden 
val) until sutfieienlly clarified. 

Meanwhile, preferably in the same tank that is used for the cojiversfon 
into verdigris, a solution of copper sulphate is prepared hy dissolving the 
weighed quantity with ten limes its own weight of hot water and heating 
(hy introducing steam) and continually stirring it until complete solution is 
ertected. Tlie clarified solution of calcium acetate, having been heated in the 
same manner in another tank, is next poured slowly into the boiling solution 
of (Topper sulphate, the stirring aitd Admission of steam being continued, care 
being taken to keep the temperati^re of the liquid at boiling-point. The 
precipitation of the gypsum begins at once, and continues on the further 
addition of calcium acetate, until the whole of the sul))huric acid is combined 
by the cale-ium. . To ascertain this point exactly small filtered sainj)les of the 
boiling liquid must be tested when the end point of the reaction is presumably 
neared. If on adding calcium acetate a white precipitate of gypsum is still 
formed, = more calcium acetate is m^eded. If, however, the calcium acetate be 
already ill excess, a fresh addition'of copper sulphate must be given. Of 
coui*se it will lie preferable to deitermine beforehand the exact content of 
solid calcium acetate in the solution, which can easily be done by means of 
the table given at the end of the book, and calculate therefrom the necessary 
•quantity of sulphate of copper to be added for the precipitation. 

The reaction being finished, the hot liquid is allowed to stand for a few 
hours, steam being shut off. The precipitate will usually settle down com¬ 
pletely, and the clear solution of^ copper acetate can be drawn off into the 
evaporating retort. The precipita e of calcium sulphate in the tank retains 
* The copper cyanide test, as described in the manufacture of Bremen blue, may bo 
- used here. , 
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a little of the solution of ver(li;Tris, and has to be washed out, therefore, at least 
three times with hot water. The first of tijese w’ashings, if not too dilute, 
may be added to the evapomting liquid, the second is used for dissolving a 
fresh quantity of copper sulphate, and the third, which is, of course, the 
weakest in copper, can be used for washing out the precipitate of gypsum 
obtained from the next batch. 

In liim-ia, where a considerable quantity of crystallised verdigris is still 
]>roduced, preference is given to the two following })roeesses, winch 
undoubtedly furnish a perfectly pure neutral verdigris. In the one ])rocess 
a solution of cop])er sulphate is precipitated with soda or potasli, forming 
basic cop[»er carbonate, wideh is dissolved in acetic acid whilst still moist 
from the press. In tlie se<a)ud method this solution is produced by the 
direct treatment of copper filings with acetic acid. 

2CuSO, + ^Nh.CO., + ILO - Cu(()Il)..CuC(>, 

(\)['l»er Soila Wiit'-r Basic copper ejirb(jii:ite 

+ 2Na.S(\ + CO,. 

(iliiubor salt Cjirhotiie acid. 

The first process requires a vat 80 ins. in diameter and tlu^ same 
in height, together with a second one. of about half the above dimensions. 
These vats are placed side by side, so lliat the 1i(juids can be easily ptjured 
from the smaller into the larger one. The latter, the precipitating vat, is 
about a quarter full of hot water, in which a bag (al)out 8 cwl.) of Swedish 
copper sulphate is dissolved l)y continued stirring. In the meanwhile the 
small vat has been charged with 3 cwt. of soda, dissolved in hot water by 
stirring, the vat being then filled with cold water to the top. After a 
thorough stirring the solution is allowed to stand, the solution of eop[)er 
sulphate being diluted with enough cold water to fill the vat half full. As soon 
as the solution of soda is sufficiently clear it is run slowly and in a thin stream 
into the solution of copper sulphate, with continued slirring, wliich Is main¬ 
tained for an hour after preci])ilation. 'Ibe com[)leLioii of this process can be 
tested with copper cyanide as de.scribed in the case of Hremen bhie. Any 
excess of soda must be avoided, as it would turn the precipitate black and 
retard its solution in acetic acid. 

Tlic greenish-blue ])recipitate of basic cop]>er carbonate iiuving subsided, 
the to]) liquor, a solution of sodium sul])hate, is run away into special 
evaporating ])ans for the recovery of tlie (ilauher salt. 'I'he copper 
carbonate is washed out with j>ure cold Water until a solution of barium 
cldoride gives merely a faint cloudy precipitate of barium sulphate. The 
preci])itate is then pressed (in a filter press) to a paste containing 30 to 40 
per cent, of water, the press-cakes being transferred to a large square oak 
vat and treated with about 200 lbs. of dilute acetic acid (5° Ik), added by 
degrees, the mass being thoroughly well mixed after each addition, and 
care taken to prevent loss by frothing over. When tlic whole is dissolved 
a solution of neutral verdigris is obtained of 7’5 to 8° B. strength, which 
must he concentrated to 20° B. and treat,ed as already described. 

The second method, in which metallic co))per is dissolved in acetic acid, 
can be performed in various ways, the following being preferred: The 
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dissolving of the metallic copper in acetic acid is effected gradually in 
dissolving vats, about sixty ])ieces of which, in the case of large works] are 
placed in one room and kept at a constant temperature of 25^ to .'{() ’ (’. 
'ihese dissolving vessels are wooden chests (see I'ig. (>5) :>() ins. wide in 
front, narrowing to U ins. at the hack. The length is 40 ins., the 
depth 4 to (> ins., and the walls to 1,^* ins. thick, of wliite beech or 
ash board. J hesc are mounted in sets ot three on a table sloping with a 
forward slope of about 2 ins., the wide ends of the vats, provided with 
five to six circular openings for drawing off the solution, being in frcmt. Tlie 
solution is drained into long, narrow, and strongly made oak vats placed 
underneath. 'J'he dissolvijig vats 
are charge<l witli coj)per filings, 
and a certain quantity of acetic 
acid of 4'" B. strength (e(iually 
divided lu-lween each three vats) 
is slowly poured iu with wooden 
or coj)per ladles so as to moisten 
tlie cop])er filings uniformly. Tlie 
co|)per is partly dissolved, and the 
solution runs through the open¬ 
ings of the chests into the vessel 
underneath. When the weighed 
quantity of acetic acid is ex¬ 
hausted the copper filings are 
treated with the solution from 
the collecting vat, and this is 
repeated until the solution mea¬ 
sures 8*^ B. 'fhe end of the 
reaction is ascertained by the frothing of the .solution. Sometimes the eo))per 
filings become very hot, in which case, to avoid loss of acetic acid, tlie |>oiiring 
])roeess must he accelerated. 'I'he whole operation lasts about five to six days. 
If the solution of verdigris lias then attained a density of 8° B. it will be 
ready for concentration. 

The concentration must be carried on in such a manner that the liquor 
does not froth up, since tliis indicates risk of deeom|)osing the verdigris; 
and the process must be sus])endcd when the concentration reaches 20'^ B., 
any excess )>eyond this limit being likely to cause jiremature separation of 
the salt, 'fhe jirocess is always attended witli a volatilisation of vinegar, 
whicl), as already mentioned, is recoven^d in the receivers of the con¬ 
centrating ])ans, and this loss of acetic acid should be replaced by 
adding a certain quantity of vinegar before proceeding to the crysbdlising 
stage. 

Verdigris can only be used as an oil colour, and is even then unreliable, 
being subject to discoloration by the chemical reaction of the fatty acids 
with the (Hvpper. This is particularly noticeable with the blue modification. 
Eure verdigris dissolves entirely in acids without any effervescence, and the 
ammoniaeal solution exhibits a magnificent deep blue shade. Toward gas 
containing sulphuretted liydrngen verdigris is quite as sensitive as the 
lead colours; and it has an even more poisonous effect on the animal 
organism. 
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Emerald Green {Miihgreeny Sc/iiveinjurlgruii, Verl dc Paris) 

Of all known mineral colours scarcely one—ultramarine blue perhaps 
excepted—can be compared in beauty and brightness with the brilliant shade 
of emerald green. Whilst nearly all shades of the known mineral colours can 
be imitated by means of coal-tar colours, none of the green lakes obtained 
from organic colouring matters is bright enough to bear comparison with 
emerald green. Unfortunately, however, emerald green, on account of its 
high content of ai’senic, is one of the most poisonous colours known, if not 
the most poisonous of all. On this account its application is a very limited 
one and for many purposes ])rohibited in some countries by law. 

In a pure state emerald green cannot be produced in so many different 
shades as, for instance, ferric oxide, or even the chromes. The diflerene'e 
between the various commercial brands is oidy in the finer or coar.ser state of 
the crystals, determined to a certain degree by the method of manufacture. 

Kinerald green, a compound of neutral copper acetate with copper 
arseniate, witli the formula Cu{C 2 H,,Oj}^,..SCu(AsO..)j,, was first manufactured 
at W. Saltier’s colour works at Schweinfurth, in 1S14, from basic verdigris 
and arsenic. According to other reports, von Mitis, of Vienna, was the 
first manufacturer. Liebig too published a manufacturing process in 1822. 
The strikingly bright shade and the conso(iuent great popularity of the 
colour led to emerald green being made by nearly all colour-makers of 
importance, and this circumstance accounts for the various names given to 
emerald green, according to tlie j)lace of production, very few of whicli 
names, however, are now in use. 

Tlie names Eviperor green, new green, viineral green, original green, 
patent green, Paris green, »to., now very rarclv employed, were invented by 
makers or merchants partly with the intention of leading a suspicious public 
to believe that non-poisonous products were in (jiiestion. On the other 
hand, tijese names often apply to distinct mixtures of true enicrakl green 
with barytes, gypsum, chromes, or lead sulpliate, added to lower the some¬ 
what higli cost of production, and also for toning the colour to a certain 
extent. 

'file manufacture of a perfectly handsome emerald green is one of the 
most difficult problems in colour-making. The chief difficulty is to allow the 
green a sufficient time for undisturbed crystallisation, since on this the 
briglitness of the shade primarily depends. At the first glance this seems to 
be much e^isier than is really the case, for, apart from the necessary (juietude, 
a thorough working of the mass is absolutely necessary to obtain a uniform 
product. It is very difficult even in the direct crystallisation of salts from 
their solutions to obtain perfectly equal crystals—it can never be done on a 
manufacturing scale; and this difficulty is still further increased with such a 
complex compound as emerald green, which is not crystallised directly from 
solutions of the raw materials, but from a flocculent and often slimy, dirty 
coloured precipitate of the raw materials. This is still furtlier aggravated 
by the fact that the utility of the product us a colour, and therefore its com¬ 
mercial value, depends on the uniformity of the crystals, since, like all coloured 
crystalline salts, emerald green is paler in sliade in proportion as the crystals 
are finer. Moreover, owing to carelessness, it may happen that no crystals 
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At all are formed, an insigniticant wliilish ^reen sul»stance bein^ ol)tained 
instead of the expected magnificent green. 'I’he causes of this accident arc 
various. The use of insufficient qiunitities of water in the manufacturing 
process may luive an unfavourable iuHuence on the formation of the crystals; 
the precipitation temperature may be too high, or the mixture maybe stirred 
too much or at the wrong time. The water, too, used for this purpose plays 
a very important part in tlic obtaining of successful results, as does also the 
nature of the raw materials. The water should contain a minimum of lime, 
and no iron at all; whilst the raw materials must l)c free fnun impurities, 
for which reason they must therefore be tested beforehand. 

'J’he injurious properties of emerald green necessitate specially strict pre¬ 
cautions for the safety of the W’orkmen engaged in the jwoduction, sorting, 
packing, &c. For the same reason the work sinmid only be entrusted to those 
whose intelligence affords a certain guarantee that the prescribed measures 
for safety will be thoroughly carried out, and that dangers arising from 
ignorance, idleness, or carelessness will be prevented. According to expe¬ 
rience, most cases of poisoning arise witli worlonen who have no sullicient 
knowledge of the dangerous character of the products witli which they are 
working. 

Hence the manufacture of emerald green inust be confined to rooms 
wliich are se]>arated from the other workrooms, and are lofty and aiiy 
enough to afford a sufticient ])rotection to the men. The only materials 
now used arc copper sulphate, aisenie (arsenious acid), soda, and vinegar, 
tlic older recipes, limited especially to the use of basic verdigris and arsenic, 
having been discarded. With regard to the plant, all the methods .are based 
on the same pnncij)!e: the raw materials are dissolved se[)aratcly, in special 
tanks, and the solutions united in a third shallow vat underneath, whieli also 
serves for the crystallisation process, wasliing, mixing, v‘^c. 

The dimensions of the vats naturally depend on the extent of the works, 
but a certain limit is imposed by the uncertainty of tlie crystallising process 
when the vats are too large. For a medium production of ,S to I- cwt. daily 
the following dimensions are suitable: I'lie precipitating tank, which is 
shallow in order to facilitate crystallisation by increasing the superficial area, 
has a diameter of 7 to 10 ft. and a <lepth of barely fiO ins., and should be 
arranged so that the dissolved raw materials can be quickly and conveniently 
introduced. For dissolvir)g the arsenic and soda a vat about o ft. in diameter 
and 40 ins. deep is rp<)uired ; for the verdigris (copper sulphate), which must 
he dissolved separately in a minimum of water, a vat .'10 ins. wide and the same 
in height must be provided. If sulficicnl room is at dispf*sal a special vat 
should be provided for the vinegar, about the same size as that for the - 
arsenic and sotla. If, however, this cannot be done the arsenic tank must 
also be used for the vinegar. 

Besides the mentioned vats, all provided with steam pipes, two more 
are necessary for the blue top liquor, which still contains a good deal of 
copper. These vats must be placed so that the top liquor can be run in 
easily direct from the precipitating tank. 

All the dissolving tanks, including that for the vinegar, must therefore 
be placed so that the outlets are above the edge of the precipitating tank, 
whilst tlie two last mentioned vats must be let into the earth, if, as is gene¬ 
rally the case, the working room is on the ground floor. 
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In order to prevent increased danger to the workmen by unnecessarily 
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should tominiinicatc directly with the chierworhinj; room, as shown in Fig. (17 
(«^r()mKl plan). 

A)tliou|H;li the old (Selnveinlurl) nielluxl is now obsolete, it may be 
described here tor the sake of eonipleleness, tlie more so because it seems 
to afford the best means of explaining the more complex metluuVot produc¬ 
tion from eopjier sulphate, arsenic, soda, and vinegar, to be described later 
on. 

'Die arrangement of tile dissolving tanks and the preci[)italing ami crystal¬ 
lising vats is the same as mentioned, except that smaller sizes are used, hor* 


Kio. tw. 



merly the verdigris and arsenic were dissolved in separate large copper pans set 
in brickwork, over a liieplaee, side by side, and the ffnished solutions were 
transferr<‘d to a vessel for further treatment. This arrangement, however, 
has no inffuence on the result. ( ertain difficulties are caused by dissolving 
the arsenic with the aid of steam, but these are easily remedied. The method 
of working is as follows : 

The smallest dissolving vat (.7) is charged in the evening with l.'i f lbs. of 
crude French verdigris, crushed very small, and about 55 galls, of hot water, 
and left to soak all night. Next morning the arsenic vat (77) is tilled with 
110 galls, of water and heated to boiling by introducing steam. By-and-by 
2‘2() lbs. of white, finely ground arsenic are stirred in, solution taking place 
very slowly and necessitating continued boiling. The admission ot steam 
must be cliecked as soon as the boiling-point has been readied, in order to 
prevent tlie licpior boiling over. 'I'he volume of the arsenical liquor is in¬ 
creased by the condensed steam, the dissolving process Iteing thereby greatly 
facilitated. In four hours’ time the operation will be finished. 'J’o make 
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sure that the arsenic is completely dissolved, a sample of the licpiid in a test 
glass must he (examined for a sediment of iindissolvod arsenic on standing, 
and, it such be the case, the boiling must be continued until the solution 
is perfectly complete. This being attained, the liquor is made nj) with 
cold (or, better still, hot) water to a mark on the vat (generally a broad¬ 
headed copper or brass nail) corresponding to a volume of about 320 galls., 
heat being then applied until the liquid boils. 

'J owards the end of the arsenic dissolving process the heating of the 
soaked verdigris must be commenced, but the temperature must not be 
raised above 80'^ C., or, as already mentioned, the volume of water supplied 
for soaking the verdigris, being insufficient to give a solution of the most 
suitable condition for precipitation, must be made up gradually to 110 galls, 
in the same way as described for the arsenic. The li(iuid must be thoroughly 
well stirred, since the verdigris never dissolves eom])Ietely, but only forms 
a pasty mass with tins quantity of water. This paste should, however, 
be quite uniform, perfectly free from lumj)s or fragments of solid verdigris, 
since these, if ever so small, would not be decomposed by the arsenic, 
and in the most favourable circumstances would contaminate the resulting 
green. 

'J he arsenic solution (after standing for some time) is united willi the 
now liquid verdigris in the shallow precipitating tank This can be per¬ 
formed ill two different ways. In the one about two-thirds of the dissolved 
arsenic is run into the precipitating tank, and is immediately followed by 
the verdigris liipior. This unavoidably cools the arsenic solution, a slower 
crystallisation and a darker green being the result. In the other the taps 
of both dissolving tanks are opened at the same time, so as to unite the 
solutions immediately, each of them being run through a brass sieve to 
retain any impurities. Even in this latter aiul most frequently employed 
method it is a general rule to run in only two-thirds of the arsenic solution 
at first, the remainder being added in tlie course of two to three hours. 

On uniting the arsenical .and verdigris liquids a preei]>itate is formed 
which is curdy at first but afterwards slimy, of an insignificant dirty yellow- 
green shade, w’hich, however, becomes brighter in j)ro])ortion ns the pre¬ 
cipitate passes into the crystalline skitc. Tliis change does not take place 
within any definite time, considerable fluctuations occurring with even the 
same temperatures and the same volumes of liquid—c.g., on one occasion in 
three hours, whilst at another time, under exactly flic same conditions, four 
to five hours are required. In ail circumstances it is necessary, in onler to 
obtain a uniform precipitate, that the mixture should be stirred with along- 
handled crutch (Fig. .3) until the w'hole of the verdigris liquid has been run 
in. This is in most cases essential to secure uniform crystallisation, and 
consequently an evenly shaded green. The view tliat the dirty green pre- 
eipibite is incapable of furnishing well-defined crystals if altered by stirring 
is quite wrong, and there is no doubt that the omission of a thorough stirring 
is the cause of an irregular precipitate, the crystals then forming more 
quickly or slowly, according to the varying fluidity of the strata. This also 
undoubtedly retards the whole process. 

Soon after the stirring of the precipitate has been commenced bubbles 
of an emerald green colour will form on tlie surface and increase gradually 
in number—a sign of internal movement in the mass. At the same time ' 
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the dirty, <I»11 ycllow-frrecn sliado cliani^i-s t<t a bri^jfht llic im-cipitate 

shrinks ^■(ln^idol'al^Iy ami settles to the luittiMii, tlu‘ lo|i Hcjmir iji'adiially 
turning bliie ifreen. I he fonnation of crystals is now ])rocoodin^. After 
complete rest lor about two and a hall lionrs tin; mass is worke<l round care¬ 
fully several times witli tiie crutch, and the remainder of the arsenic solution 
is run iii (juickly. Jhree to four iiours alt^Twards, during which time it is 
not advisal>le to stir, the forming process may be regarded as complete. 
The right moment can be ascertained from a few samples taken out from 
different parts of the precipitating tank ; these when spread out slmuld at) 
exhibit a uniform bright green shade. 'I'hc mass must be thoroughly stirred 
again, and left to stand two hours longer. 'J'he green settles down closely 
on the bottom from a clear blue liquid, which is drawn off into the two vats 
K and F, wluu’e it is treated as described furtlicr on. 

The resulting emerald green must be washed at least twice with tepid 
water in the arsenic tank, and tlien filtered, pressed, and dried. 

If in this process the basic verdigris be replaced bv tbe crystallised j)ro. 
duct, 2 cwt. of tlie latter are required to 200 lbs. of arsenic, and will yield 
175 to 185 lbs. of green—/.e., exactly the same quantity as obtained with 
the above 15 t lbs. of basic verdigris. 

In fhe new itielhod of manufaettn'ing enu’rafd grecti from copper sulj)hate, 
arsenic, soda, and vinegar, the charge ]>ul in work in the morning must be in 
the press l)y the evening of the same day at latest, and with pro])er manage¬ 
ment this can be done witliont any difficulty. 

'I’hc work must begin in the early morning by eharginff the arsenic tank 
(half filled with water at 75“ to <S0'^) with 88 lbs. of (purest) ammonia soda. 
Wlicn the latter lias been dissolved l)y continued stirring, J72 lbs. of while, 
fine pulverised arsenic are added by degrees, steam being then carefully 
admitted until (after about four hours) the arsenic is completely dissolved. 

Meanwhile the small vnl A is charged with 20f) lbs. of purest copper 
sulphate, the vat being filled one-quarter full with clear, water, ami the 
dissolving effected by the aid of steam. It is a rule that a ininimum 
quantity of water should be used, so as not to unnecessarily increase the 
volume of the solution by the suj)erfluous introduction of steam. 'J'he solution 
should, however, be thoroughly well stirred. 

I'he l»ot alkaline solution of arsenic, having clarified somewhat by stand¬ 
ing, is run into the working tank as quickly as possible, and is followed at 
once by the clear, liot solution of copper sulphate (temperature at least 
90“^ C.). Roth solutions must be strained through a fine brass sieve. The 
precipitation product is copper arsenite—a dirty olive-green coloured mass 
identical with tliat obtained IVoni verdigris and arsenic, atul, indeed, in all 
cases when solnble ettprie salts are treatcif witli arsenious acid (arsenic). 
The green double salt, copper aceto-ar.senite, or emerald green, is formed 
only by the subsequent action of free acetic acid or its alkaline compounds. 

The formation of copper arsenite is accomt)anied by an active evolution 
of carbonic acid (from the soda), wbicb is manifested by elferveseence, and 
should be stimulated by careful but not too quick stirring with the crutch. 
It is, however, impossible to efiect tbe liberation of all the combined carbonic 
acid by stirring, if only because the stirnng must not be continued too long 
on account of lowering the temperature. In fact, tbe evolution of carbonic 
acid continues (though less briskly than at the beginning) through all stages 
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of the formation of emerald green, and generally ceases ojdy with the 
crystallisation process. This slow liberation of carbonic acid greatly facili¬ 
tates the regular formation of the green crystals, and is therefore regarded 
as a favourable sign. 

The olive-green precipitate of copper arsenite having been allowed to 
stand for about ten to twenty minutes, tiie vinegar can be added. The tem})era- 
ture of the precipitate should not exceed 80 '^ C., nor be less than to 
C. The length of time the preci])itate is left to stand after stirring depends 
therefore, to some extent on the occurrence of this temperature, lo 
prevent the too violent evolution of carbonic acid the acetic acid must be 
used in a very dilute condition. 'I'hereforc iJOl lbs. of acetic acid ((> 0 ° R.) 
must be diluted with double tliat weight of cold water ( 10 ° to C.), hot 
water being added to raise the temperature to to C. Since much 
depends on quickness in mixing, the discharge tap of the vinegar vat must 
be large enough to allow the whole to be ein])tie(l in two to three minutes. No 
evolution of carbonic acid should occur during or directly after achling the 
vitiegar, and if such should take place the green will certainly turn out too 
light in shade. The evolution of carbonic acid shouhl not begin for ten 
to fifteen minutes, the first indication being a working of the mass in 
the tank, followed by a sudden foaming of the liijnid, and finally by violent 
efiervescence. The mass should now he stirred a short time with care, 
since this aids incipient cryslallisation. When the bubbles cease the 
mass is left at rest. 'I'he dirty green shade Intlierto predominant in the 
j)rccipitate now changes to a brighter green, and after about an hour the 
formation of the emerald green will be complete. It must be stirred again 
carefully to convert any copjier arsenite adhering to the bottom of the tank 
to the acetate, and is then left to stand an hour longer. During this time 
little or no carbonic acid will escape. After another thorough stirring the 
mass will be found perfectly uniform in sliade; nevertheless another 
hour must he allowed to pass before the blue top liquid can be removed 
and the washing commenced. 

For this purpose tlie water already placed in the acetic acid or arsenic 
vat must be boiled. 'I'lie finished emerald green is then washed twice 
with the somewhat cooled water, next filtered, pressed, cut into lumps with 
copper knives, and dried at about 8.5° ('. The sifted material is Iminght on 
the market as brand No. 707. The manufactured greens arc not all of 
the same sliade, whatever the process used, hut vary considerably, some¬ 
times lieing of a more yellowish, greenisli, or bluisli shade, according to the 
more or less perfect formation of the crystals. Hence the freshly manufac¬ 
tured green must always be compared with those already made and added 
to the stock of the same grade. Certain greens of a coarser crystalline 
type, and therefore appirently darker, are sold as emerald green No. 808. 
The production of this kind is, however, purely accidental, there lieing no 
reliable recipe for the purpose. 

Different brands of emerald green now rarely found on the market, 
owing their lower price or modified shade to an addition of barytes, gypsum, 
chromes, ^tc., cm be prepared by mixing pure emerald green with the 
corresjionding material, either directly after the finished green has been 
washed or in the dry state. In the latter case the mixture cannot, of 
course,be ground or rolled, but is mixed in a rotary wooden or sheet-iron drum. 
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To obtain the so-called which are now replaced, at least for 

wall-paj)crs, by certain aniline lakes, wliich are just as bright ami absolutely 
free ft'om poison, the washed emerald green is treated in the preeijiilaling 
tank with a cold solution of sugar of lead of varying amount according as a 
more bluish or yellowish shaile is required. Tliis is slowly preeipitat(‘d 
with the corresponding quantity of potassium bichromate in cold solution by 
stirring. It may be washed once with cold water, but this is n«>t absolutely 
necessary. 

The already mentioned mother liquors of emerald green, consisting 
chiefly of fnre arsenic, acetic acid, and dissolved emerald green, can he used 
for making a by-jiroduct green know’n as soda g/cca, or green ()()(), by neu¬ 
tralising the liquors from three batches in the tanks E and F with a solution 
ot 22 lbs. of ammonia soda, stirred in slowly. This ojicration must be ilone 
in the cold. After the neutralisation, stirring is repeated at the same 
intervals as mentioned for green 707. The next day the top liquor, now 
perfectly colourless, is removed, and the green washed at least three times 
with pure water; then it is filtered, pressed, laid on drying-boards and dried 
at .'h')'-'* C. The brighter the emerald from which the mother liijuor was 
obtained, the brighter will these soda greens be ; they are almost e(pial to 
green No. 707, but somewhat finer in grain. 

On neutralising with thiu milk of lime, instead of soda, the so-ealled 
Eime.-arscnic frreenx are formed, of a somewhat more bluish sliadc than the 
above soda greens, and therefore apparently less bright. On the other 
hand, they are relatively faster to lime (lime-wash). The collected green 
liquors are treated with cold thin milk of lime until completely decolorised. 
The product is not washed, but is filtered directly after precijiitation and 
suflicient settling, and then pressed, dried, and put on the market as lumps 
or oblong cakes, but very seldom in powder. 

I'anerald green is used as an oil and water colour. It lias only a nuMlcrate 
covering power, but dries well, is very fast to air free from sulphuretted 
hydrogen. It can be mordanted on fabrics by means of albumin (green 
tarlatan), formerly it was largely used for colouring wall-paper, until it 
WHS discovered tliat the putrefaction of the glue and starch ])aste used for 
the paper caused a decomposition of the colour, and liberated )>oisonoiis 
arseniureUed hydrogen. Emerald' green, like verdigris, is readily soluble 
in acids and ammonia, and the presence of an insoluble residue always 
indicates adulteration or the admixture of other substances. 

Brunswick Green 

This name is at jiresent applied to the Bremen blue already described, 
but was at one time exclusively used for denoting a very pale and therefore 
insignificant looking bluish-green pigment, now rarely manufactured.* Never¬ 
theless the method of production being typical for a series of other colours, 
some of which are much brighter, may be described here. In a small vat, A 
(Fig. ()()), !(>.'> lbs, (7.^ kg.) of Swedish (or other iron-free) copper sulphate is 
mixed with .5.5 gals, of hot water and dissolved by steam and continued 
stirring, followed by an addition of .'1^ lbs. of tartaric acid and reheating. 

* Later oti the iiaino Hruuswick green was wrongly applied to the far more brilliant 
emerald green. 
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The mixliuv is next run into the precipitating tank, C, and diiiiled here 
with a three or four-fold quantity of cold water. In an enamelled pan set 
on a fire .> ozs. of arsenic are dissolved with oz. of calcined soda in 
about 11 galls, of w’ater, the solution being stirred into the solution 
of copper sulphate in the working tank. Mcanwlnle a thin milk of lime 
from 38 to 44 lbs. of quicklime is prepared, and stirred into the oojiper 
sulphate solution until complete precipitation results, avoiding, if possible, 
any excess of lime. The precipitate is allowed to settle down, freed from 
the perfectly clear top liquid, and washed out twice or three times with 
cold water. Finally tlie resulting colour is filtered, pressed, cut into square 
pieces, and dried at a low temperature. The given weights of raw materials 
will yield about 130 lbs, of dry colour. For jiroducing lower grades an 
addition of l)arytes may be given, but not too much, as the wliite adjunct 
has a powerful effect on the originally far from bright colour. The 
Brunswick green, used formerly very much as a lime colour, has been 
removed at present by the much cheaper and more intensive ultramariiui. 

'J’he Brunswick green apparently owes its method of j)roduction to the 
endeavour to imitate mountain green, wliich is probably the oldest green 
pigment known, 7’his attempt, however, was not successful, for later on 
products put on the market as mountain green ” contained admixtures of 
emerald green, besides some ingredients of similar composition to the Brnn.s- 
wick green. Tl)e resistance of these colours to lime was therel>y, however, 
considerably lessened, and they gradually went out of use. Still later a 
certain brand, the so-called Neuwied green, took first place amongst the lime 
greens, and w’as also very often called mountain green. 


Neuwied Green 

'I’liis colour, formerly very much in use, especially as a water colour, has 
at present almost entirely disappeared from the market, as well as its various 
derivatives, and is only asked for in isolated cases and for special j)urposes. 
It is formed of a mixture of emerald green and variable quantities of l)arytes, 
gypsum (better qualities being made of blanc fixe), and can be obtained by 
mixing these materials w’itli tlie first one in the dry slate, as well a.s l)y a sj)(*cial 
wet process. 'J’his being similar in principle to the old method of producing 
emerald green, exce})t for the difference in the proportiotuite quantities used, 
the manufacture of Neuwied green can be treated more brieffy than the far 
more important production of emerald green. 

'i’he modern recipe for making Neuwied green and producing the brightest 
shade of this colour is as follows: 110 lbs. of basic verdigris crushed to small 
lumps must be mixed in tlie vat A (Fig. 66) for about twenty-four hours in 
22 galls, of warm water. The mas.s is stirred until a uniform paste is obtained. 
Meanwhile 110 lbs. of white, ground arsenic are dissolved in the vat 71, in the 
same manner as already described for emerald green, and diluted to 1 6.5 galls., 
154 ll)s. (70 kg.) of finely powdered gypsum are stirred up M'ith warm water 
and added, through a fine-mesh sieve, to the boiling liquid. I'hc spigots are 
taken out of A and B at the same time, and the verdigris li(juor allowed to 
unite with the arsenic solution in the preci[)itating tub C, the whole being 
well stirred, as well as the contents of the arsenic vat, until the latter is 
empty. The resulting precipitate of copper aceto-arsenite must be stirred 
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with the crutch until cold, niirin^ this operation, and, at all events, hefore 
the precipitate gets cold, the barytes, if necessary, can hit added in the same 
manner as the gypsum, being, of course, strained through a hair or brass sieve. 
The deposited colour must be filtered, pressed, and dried, and is put on the 
market either in cut pieces of regular size or as a ])owder. 

Another method of producing Nmiwied green is similar to that for Hruns- 
wick green, and justifies the reputation of tins lirand of Neuwied green as a 
lime colour, which is not the case with the Neuwied green obtained by the 
first process. Neuwied lime green owes its greater brightness and far more 
greenish tone to the eircumstaneeihatamuch greater (jiiantity of eoj>per oxide 
is combined with arsenic. Nevertheless there is no real diH'erence in the 
two methods of jireparation, except tliat the various recipes prescribe larger 
or smaller quantities of arsenic for the production of different sliades. The 
fact that ail increase of the cojiper ursenite in the coni|)ound lessens the 
resistance to lime puts a certain limitation on the application of arsenic, and 
therefore in a certain measure restricts the brightness of the Neuwied green. 
The following table gives the diiferent weigiits of the raw materials used 
according to the best-known reeipes: 
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The recipes for Nos. T., V., and V^I. are fairly similar to those for producing 
Brunswick green, with the exception that the (piantity of arsenic in the former 
is relatively much greater. The method of working, too, is the same as for 
Brunswick green, and therefore need not be repeated. 

Nos. 11. to IV. inclusive are made without soda (in dissolving the arsenic), 
so that the several operations, especially the dissolving of the arsenious acid 
in water, are preferably performed as described for the old emerald green 
process, whilst the addition (jf lime is effected according to the Brunswick 
green method. 

The so-called imperial green, one of the numberless products owing their 
existence to more or less advantageously clioseii jiroportions of arsenic, copper 
sulphate, and vinegar, is a colour sometimes found in the trade. In character, 
as might easily be guessed from its high content of arsenic, the dull iinjierial 
green is neither a decided lime nor an oil colour of any special covering 
power,and may be regai*ded as occupying a jiosition betw een emerald green and 
Neuwied lime green. The older methods are unsuitable for working on a large 
scale; only the process based on modern experience will now be described, 
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This^ colour generally has the same composition as the lime-arsenic green 
obtained by precipitating the blue liquor of emerald green with milk of lime, 
only instead of ordinary lime the purer so-called Vienna lime is used, whilst 
the high content of copper, arsenic, and acetic acid justifies the supposition 
that a coinpound similar to emerald green will be obtained. In fact, the best 
method of making imperial green furnishing a much brighter shade than 
the obsolete method—is according to the emerald green process, viz., making 
the copper aceto-arsenite first, and then precipitating the blue top liquor 
with a solution of V ienna lime until decoloration is complete. 

In this precipitation the quantity of milk of lime must be restricted to 
tliat exactly necessary for the decoloration of the blue liquor, any excess of lime 
always didling the shade of the copper aceto-arsenite, esi)ecially on drying. 
Ihe solution of Vienna lime is prepared, of course, in the same way as with 
ordinary lime (already described). 

According to other instructions, imperial green can be still more simply 
made by mixing lime-arsenic greens with emerald green in any nronortions 
in the dry state. 

Resides the copper-arsenic greens already described, certain other green 
copper colours are found in the trade under various names, all of them with¬ 
out exception, however, being merely suitable mixtures of the chief types 
(emerald, Neuwied, and imj)eri.'il green), cither alone or with barytt;s. I'o 
show this more clearly the best known of these mixtures, as given in older 
text-books, liave been arranged in the following Table. The materials can 
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be mixed both by the wet and dry methods. 'I'he former method has 
already been described, so th.at only the mixing of these colours in the dry 
state has to be discussed. Apart from their extremely poisonous (pialities, 
the crystalline nature of most of these greens prevents their being ground’ 
sifted, &c., in the way customary for most of the other mineral colours. Thus 
it is essential that in mixing these colours, alone or with barytes, all dust must 
be suppressed on account of the safety of the workmen; consequently the 
apparatus used must be made dust-proof at all lids, doors, slides, joints, 
dovetails, &e., of boxes, barrels, drums, or the like. The crystalline nature 
of the copper-arsenic greens, especially of emerald green, precludes any 
grinding of those colours in mills or edge-runners, since when treated in this 
way their crystalline structure would be destroyed, and their appearance 
rendered dull and faded. The avoidance of this disadvantage is, of 
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course, the more necessary on account of the decreased l)rijj[htness caused 
by tlie presence of the white adjuncts, lo correct, if possible, this dis- 
aj^reeable result, the coloured mixtures are inoislened with chea]) hy^ro- 
scopieal saline solutions in the mixing' vats (nuninon salt, ealciuni chloride. 
iS:c.), or, more recently, jflycerine diluted with an e<pial bulk of water. 'Phis 
manipulation, primarily intended, of course, to deceive the inexperienced 
buyer, also considerably reduces the forinatioji of dust, if not preventing it 
altoj^ethcr. 

'I'he materials are mixed as a rule in drums, or, as balls canm>l !)e tised 
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for the reasons already pvon, j)referal)ly in staimcli cubical woodetJ chests 
fitted with a sliaf't mounted in a frame and turned by a eraidc (Figs. ()8 
and ()!)}. 

To secure uniform running, the crank motion is transmitted by pitnons. 
Incjuilrast with the gliding movement of the materials under treatment when 
mixing drums are used, tlie cubical shape of tlie mixing machine causes the 
motion to be interrupted four times in each revolution, and thus ensures 
more intiimdc mixture, 'i’he escape of dust can be more securely prevented 
by lining the chest with sheet zinc. The lid is screwed on with strong wing 
nuts engaging in hinged forked lugs, and is made dust-proof by a strip of 
india rubber. When the materials are sufficiently mixed the chest is opened 
after a short time, during which most of the dust will have settled dowm. 
The state of the mixture can be tested by spreading out a sample, and, if 
satisfactory, the solution of salt for moistening is poured into the colour, the 
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chest being rotated again until a perfectly uniform inuistening of the mixture 
IS obtained. 

For siftins the pure or mixed emerald green the apparatus shown in 
i'lg. 70 may he used with advantage. It consists in the main of a scniare 
sitting frame, a shoot for collecting the sifted-colour, and a shaft for the 
reception ot the impurities or coarser crystals that will not pass through 
the sieve. Ihe whole is enclosed in a dust-tight casing. Tlie materials to 

i)e sifted are placed in tlie 
hopper, A, ami are fed by 
the aid of the revolving three- 
edged distributor, li, on to the 
sieve, C, which is sliaken to 
and Iro l)y the eccentrics, D, 
E, and F, as can he easily 
seen from the illustration. 
I'roin I) a belt passes over a 
pulley on the extension of the 
shaft of the threc-edgaal dis¬ 
tributor, li, which is tlierehy 
made to revolve. The sifted 
materials fall through the 
shoot G, and into a barrel 
undcriie.ath. Particles that 
will not |)ass tinough the 
sieve run down through the 
slit II into the shoot J, and 
are collected by a barrel 
. I I || i\ ".rll'::;.'’' placed below. 'I’o facilitate 

■. tlie conveyance of the barrels 

'■ ; I'without disseminating dust, 

!'! they may he mounted on 

. ' _ small Hat trucks running on 

_ rails extending right under 
the apparatus. 

I his apparatus, though suitable only for crystalline colours, works adniir- 
ably if properly managed. It can be recommended for sifting emerald green, 
if only for the reason that it prevents any dissemination of dust. The 
machine can he worked by hand it no other source of power is available, 
and in such ease the driving jiulley, I), must be provided with a crank and a 
flywheel. 

Arsenic Di.ieme 

Arsenic is the strongest mineral poison known. It afl'ects not only the 
animal organism, but plant life as well. I his poisonous action is not confined 
to white arsenic (arsenious acid), but extends to all other .arsenic compounds 
also, and is the greater in proportion to their solubility in water. For 
arsenic poisoning to occur it is not essential that the arsenic should 
enter the human system through the digestive organs, hut poison may 
enter by inhaling gases, vapours, or dust containing arsenic, by repeated 
contact with the skin, by the eontamiiiation of open wounds, &c., and 


Fia. liD. 







THE*dREEN MINERAL COLOOftS 

the case may be acute (even suddenly fatal) «»>• chronic and of gradual 
development. 

In all acute cases the symptoms immediately appear in the stomach and 
intestines^ which are intlamed and destrciyed, the |)ulse becoming rapid and 
fluctuating. Next come violent pains, convulsions, trembling, muscular 
weakness, and fainting. The arsenic enters the blood very (juiekly, and can 
be detected with certainty after death even when the bodies have been 
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buried years, since they remain in a good state of {reservation for a re¬ 
markably long space of time nuimmified l)y this poison. 

•As a trade disease, chronic arsenical poisoning is a risk incurred by all 
persons who are continually occupied witlj arsenic compounds c.g., men 
engaged in works where these compounds arc prcpar<al,and nnnei's(ar.senical 
fumes, recovering silver from lead ores, kc.). Stomach-ache, a tendency, to 
vomit, and violent thirst are the first symptoms, followed in the Iat<T stages 
by inflammation of the stomach and the intesUncs, jaundice, diarrhavi, suc¬ 
ceeded by constipation, cough, salivation. I'he hair and nails become loose, 
the skin is covered with pustules and sores, the body becomes lean and seems 
to shrivel iij). Insomnia, weariness, and lameness ensue, finally ending in 
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death. The tr^jatment of chronic aisenic poisoning-—after the dangerdOs* 
occnpation has been abandoned—consists in administering easily diges- 
tible, invigorating, slimy, mealy, and fatty nourishment of a concentrated 
character. Sulphur baths must also be taken. In acute cases artificial 
vomiting must be produced, and the stomach being freed in this way from 
its jioisonous contents, the arsenical antidote must then be administered, 
consisting of a freshly prepared warm mixture of the hydroxides of iron and, 
magnesium. Tliis is also used, too, for rubbing the skin or bathing, if the 
poison arises from external causes. Purgatives must be taken until the 
ferric hydroxide passes away ill the feces; and wines, coffee, tea, &c., in 
copious quantities are prescribed as stimulants.* 


For the sake of completeness, the production of certain other green 
copper colours, which, though not at present produced to the same extent as 
was formerly the case, still possess a certain amount of interest, will now be 
mentioned. These are the so called Scheele's green and FAsner green. 

Sckeele.s green is the name given to two quite different commercial pro¬ 
ducts. The method of producing the real Scheele’s green was discovered by 
C. W. Scheele, 1742-86, a native German chemist domiciled in Sweden, who 
was the first to manufacture this product. From Sweden it was introduced 
into Germany, and was probably soon imitated by a different process, the 
original method having been kept a strict secret, according to the custom of 
the time. This may lie the reason why in Germany an entirely different 
product was put on the market as Scheele’s green. 

As a pigment it is no longer used in England. 

The real Scheele's green is almost the only green copper colour which 
can be manufactured in the pure state in a whole range of tones from the 
palest to the tlarkest green. The prime factor is the content of arsenious 
acid, the different grades becoming the paler—viz., yellower—the larger the 
quantity of arsenic present in the compound. The manufacture of this 
green differs from the methods already described for copper-arsenic green, 
caustic potasli or soda being used instead of lime. 'J'hese materials are 
easily purchased, and can also be made in colour works by treating caustic 
lime with potash (potassium carbonate) or soda at boiling heat, according to 
the equation 

Ca(OH), + Na,C 03 = SNaOH + CaC O^. 

Causlic lime (slaked Mine) Soda Caustic soda Calcium carbonate. 

Besides the caustic alkali a corresponding quantity of insoluble calcium 
carbonate is obtained, and this settles down to the bottom in the form of a 
white precipitate, thus enabling the alkali to be separated very easily. A 
certain (piaiitity of freshly slaked lime is put in an iron pan, thinned down 
with water, and treated with a calculated amount of soda (dissolved in 
a little hot water), the whole being then heated with constant stirring until 
it boils. This temperature is maintained until the chemical reaction is 
complete, or at least only a small excess of undecomposed soda is left. An 

♦ Tlu* ticrman laws (lo not deni especially with the dan>?er of constantly working with 
arsenic compounds, but prescribe ilie necessary appliances and methods of working. 
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insufficiency of soda for combining wit!) tbe time must be avoided, vsince any 
excess of lime will li^lileii llie shade of the jrreeii—a risk that is not Ineiirred 
with ail excess of soda or potash, ’('lie reaction beiuff finished, the colour is 
allowed to settle down and the clear top li(|uor siphoned oft* into a special 
(iron) ves.sel. The residue in the pan is washed twice with clean warm 
water. The two clarified washings are united to the siphoned liquor, which, 
after stirring up thoroughly to obtain uniform concentration, is ready for 
use. Tlie residue of calcium carbonate in the pan is generally useless. 

In making Scbeele’s green a vat as illustrated in Fig. 1, and containing 
about .^.^O to ()60 galls., is required. This must he filled about half full with 
cold water. A hot solution of | cwt. of copper sulphate in about 110 galls, of 
water is poured in. 35 lbs. of calcined soda and 11 to ftO lbs. of arsenic— 
according to the shade desired—are dissolved in a fivefold quantity of water 
in a separate coj)per pan, the solution being allowed to clarify. The alkaline 
solution of arsenic obtained in this manner is stirred up in the working tank 
with the copper sulphate solution. This mixture is treated with the cooled 
solution of potasli or soda until no more copper can be detected in the 
filtrate from the resulting green precipitate. Stirring must be continued a 
short time, and then the colour is allowed to settle down, after which it is 
washed several limes with cold water before being filtered and pressed. 
Tbe pressed colour, out into oblong pieces, is dried in the same way as the 
other copj)er-arsenic greens. Scheele’s green, however, is said to become 
considerably brighter if it be exposed (after drying) to a temperature ot 
6 o° to 70° C. for some time. 

7’Jie genuine Scheele’s green has a conchoidal fracture and a lustrous 
surface. The greater this lustre, the darker is the shade of the green, this 
property being a criterion of the commercial value, whereas the brightness 
is impaired by white admixtures, such as barytes, gypsum, &c. Scheele’s 
green is put on the market almost exclusively in a perfectly pure state. A 
small addition of potassium zincate increases the lustre of the product. 

Another pigment, often known under the same name, is obtained by 
precipitating a solution of dilute copper sulphate with an alkaline solution 
of arsenic. The operation is performed in a tank of the same size as that 
used for the genuine Scheele’s green. 2 cwt. of iron-free copper sulphate 
and 200 lbs. of calcined potash or soda are used, and these are dissolved, 
together with 33 to 66 lbs. of arsenic. I hls colour too must he washed 
several limes to obtain a good product. The colour is of fairly good cover¬ 
ing power, and can be used as water and oil colour, as well as for lime- 
wash. 

The so-called Eisner green is still sometimes used for painting in oil. 
From its character this colour must be considered as bclongingto the lakes, 
its preponderating content of copper hydroxide being the sole reason 
for classing it herewith the green pigments. Eisner green consists of a 
mixture of Bremen blue and a fustic-tin lake, and can be obtained by direct 
precij)ilatio!i or by simply mixing the above-mentioned finished products. 

In the former case a solution of coppersulphate is diluted with a quantity 
of an aqueous extract of fustic, 10 to 12 per cent, of tin salt dissolved in 
water being added, and the mixture precipitated with caustic soda or potash 
until the copper solution is completely exhausted. The precipitate having 
•settled down, the limpid top liquor is removed, and the pasty residue is 
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re-blued by adding caustic soda. The mass is next washed quickly and 
repeatedly with cold water. The filtered and pressed colour must be dried 
at a low temperature (IK)® U). The larger the quantity of fustic used, the 
greener will be the shade of the colour. 

In the other method of preparation freshly prepared and well washed 
Bremen blue is mixed with a liquid fustic lake {(j v.) in any convenient pro¬ 
portion, filtered, pressed, and dried at a moderate temperature. 

Though Eisner green is sometimes put on the market as “ non-poisonous,’' 
this is, of course, inaccurate, since even in absence of arsenic it contains 
poisonous copper salts. 

The following additional green copper colours may be mentioned, even 
though they have no practical value: 

Casselvianns great is a compound of copper sulphate with copper 
hydroxide, and has a markedly bright shade. 

KuMmanns green is basic copper chloride, and greatly resembles emerald 
green in effect. It is more durable and cheaper than the latter, and has the 
property of retaining its pure green shade under artificial illumination. 

liitron-copper green is copper borate. It will stand the strongest heat, 
and is therefore used ns a ceramic colour. The tone can undergo modifica¬ 
tion according to the kiln temperature used. 

Copper silicate, obtained by precipitating a solution of copper with water- 
glass (alkali silicate), will also stand high temperatures. This compound is 
said to have been known to tlie old Egyptians, and is therefore called Egyptian 
green. 

Gentele's green is cupric stannate. 

h. Chrome Oxide Greens 

Clironiie Oxide, —In view of the superior qualities of chromic oxide, 
its perfect fastness to light and indifference to clieniical and thermal 
influences of all kinds, this compound might be regarded as one of the 
most ideal colours for technical purposes. Unfortunately, however, it fulfils 
to only a limited extent the other retpiirements exacted of a perfect [>ig- 
ment. Although chromic oxide can be made of sufficient brightness, it 
gives, when ground in the manner necessary for paints, merely a grey-green 
powder of very low brightness and covering power. On the other hand, 
chromic oxide improves in brightness when used with oil, and therefore 
might form a suitable pigment for certain purposes were it not tliat the 
extremely high price of the raw materials precludes its use in many 
instances. A number of cheaper methods are known, but none of them 
will furnish a product of universal technical use. Hence the application of 
chromic oxide is limited to certain graphical purposes (bank-notes, bonds, 
&c.), as well as for artist’s colours and porcelain painting, for which its high 
price is of no importance. 

It is quite another thing, however, with regard to the chromium 
droxides. The most important representative of this group—viz, Guignet's 
green —not only embodies the superior qualities of chromic oxide (besides 
being superior in brightness), but can also be produced by a process which 
enables this cheaper product to be used in paints. However, to utilise the 
superior qualities of chromium hydroxide green for ordinary paint it must 
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be inixeil in suitable ))r(iporlions with some pigments of ^ood covering 
power. This also enables different shades to be obtained. For this pur¬ 
pose the different kinds of chromate yellows,-and amongst these more 
especially zinc chrome, are most suitable. However, by mixing chromium 
hydroxide with tliis pigment new «.olo<irs, the so-called pemancfU or rictoria 
greens, are obtained, which no longer have the superior properties of pure 
Guignet’s green, but exhibit, in a certain <iegree, the‘sensitiveness of zinc 
chrome. 

The fastness to light, however, remains unimpaired, owing to the absolute 
fastness of the zinc chrome. The resistance to the caustic action of lime, 
which has to be considered in the case of ordinai-y paints, is only slightly 
diminislied. 'fhc case is, however, different with regard to resistance 
agaiiLSt acids. Zinc chrome, being already sojnewhat soluble in water, 
cannot resist dilute acids; and the same ap])lies to lead chromates, which 
are completely soluble in hydrochloric add, whilst with sulphuric and nitric 
acid they form dirty-looking compounds. Paints made from mixed chromic 
oxide green pigments are therefore unsuitable for use where they may be 
exposed to the influence of acids, even in the form of weak acid vapours. 
The fact of these paints being made wdth oil, and even covered with a layer 
of copal varnisli, makes no difference, since both these vehicles arc unable 
to stand the inHwence of acids. 

Pure chromic oxide green being produced aV a low red heat—-between 
500'^ and 700'’—can be used with a fire-proof vehicle for paints to stand high 
temperatures, though above 800' (rhromium hydroxide turns to a dirty brown 
shade. 'Phis behaviour toward high temperatures is considerably modified 
in pernuinent greens. With light shades a temperature of not quite C., 
and with dark shades, in which chromic oxide is predominant, 400° (', will be 
sufficient to destroy the brilliancy of the paints, Nevertheless iron articles 
exposed to a temperature up to !^00° C. can be painted with permanent 
green without risk. This fact is actually utilised in practice in painting 
locomotives, motor-cars, ike. 

Tlie raw materials for producing chromic oxide (Cr/)^), as well as for 
Guignet’s green (chromium tetrahydroxide, Ci'j()(OH),), are especially potas¬ 
sium bichromate (bichromate of potash, KjCr^Oy), and of late the corresponding 
sodium salt. We will now briefly describe several processes by which chromic 
oxide can still be profitaljly manufactured on tlie large scale, in order to men¬ 
tion tlie chief features of tins very interesting colour, and also to elucidate 
the manufacture and properties of the still more important chromium 
hydroxides. 

According to fVoliler, chromium oxide can be obtained by Iieating a 
mixture of yellow (neutral) potassium chromate, K^CrO,, and ammonium 
chloride (NH^Cl). In washing the fused product witli water, potassium 
chloride passes into solution, while chromium oxide remains as a dark grass- 
green coloured mass. This chemical reaction is typical of a large number of 
technical methods of manufacturing chromium oxides. Instead of the neutral 
potassium chromate, however, tlie more easily obtainable potassium bichro¬ 
mate is used. 

The brightest chromium oxide i.s obtained by heating mercurous chromate 
or ammonium bichromate. In the former case the mercurous chromate is 
decomposed at high temperature to chromium oxide, oxygen, and metallic 



mercury, while ammonium bichromate is decomposed by heat into chromium' 
oxide, water, and nitrogen. 

(NH.),Cr,0, = Cr.O, + 4H,0 + N, 

rotasssium bichromate Chromium oxide Water Milrogeii. 

Unfortunately these two methods are far too expensive for technical use, 
and therefore possess merely a theoretical interest. Hence in practice use 
is preferably made of methods similar to those introduced by Wohler, by 
melting potassium chromate with ammonium chloride. As already men¬ 
tioned, the potassium bichromate, or sodium bichromate, is almost exclusively 
used as the raw material, while ammonium chloride can be replaced by 
cheaper materials, such as carbon, sulphur, gypsum, itc. 'J'he chemical 
reaction occurring with the different reducing agents can be explained by the 
following equations: 

1. In reducing with sulphur : 

K,Cr,0, + S = Cr,(), + K,S(). 

Potassium bichroumti! .Siilpliiir Chruiniuln oxide Potassium sulphate. 

2. In reducing with carlton : 


K,Cr.,0, 


2C 


Cr,0., 


Fdtassiuui bicliromate (Carbon 

+ K,CO, + 

Potassium carboiiatu 


Chromium oxidu 

CO 

Carbon monoxide. 


.'C In reducing with ammonium chloride : 


K,Cr,0, 4- SNH^CI = Cr/), 

Potassium bichromate Ammonium chloride Chromium oxido 

+ 2KC1 + 4H,0 + 2N 

I’otassium chloriile Water Nitrogen. 

4. On decomposition with gypsum (CaSOJ; 

K,Cr,0, + CaSO, = Cr.O^ 

Potat'sium hiciiroimUc Oypsum Cliroinimu oxide 
+ K,SO, + CaO + .SO 
Potassium sulphate Calcium oxide Oxygen. 

As may be seen from tlie first three equations, the soluble potassium salf, 
corresponding to the reducing agent, is always fontKMl, in addition to 
chromium oxide, and can be removed more or less easily by leaching the. 
fused product with water. In Equation 4, in addition to potassium sub 
pimte, calcium oxide is formed, on which account the washing of the fused, 
product cannot he effected with water, and must be carried out with dilutii 
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hydrochloric acid, to prevent tlie re-forniation of gypsum, wliich would then 
remain mixed w itli the chromiiini oxi»le. 

The reduction ])rocess can he leclmically carriiid on in large covered 
Hessian crucibles, exposed to a strong red heat in suitable furnac<‘s, or in 
closed retorts (I'igs. 71 and 7‘2). Care must l)e taken to ensure the proper 
removal of the resulting gases, oxygen, carbon monoxide, itc. As is the 
case with all products obtained by heating, the raw materials must be used 
in the finest possible state of division. The mixing of the weighed raw 
materials is best performed in an edge-runner mill. When larger ijuantities 
are being treated the mixture can then be run through a stone or beating 
mill. Here the heating of the mixture in the mill must be carefully prevented, 
especially when the reduction is to be effected by sulphur. Ihe following 
proportions will give specially good results : 

1. 2 parts potassium l)ichromate to 1 j>art sulphur. 

„ 1 „ sublimed sulphur. 

,, 1 J) 5» }> 

„ 1 „ CiU'boii (soft charcoal).* 

„ 1 „ sal ammoniac. 

„ 3 parts gypsum. 

„ ;>■' „ carbon, 10 parts saltpetre, 

:> parts sulphur, and .5 parts 
sal ammoniac.t 


.'J. * „ 

d. .‘1 „ „ .t 

3 . H ,, ,, n 

6. 1 part „ „ 

7. aw parts „ 


Whilst, as already mentioned, the mixtures 1 to 6 must be exposed to a 
strong red heat in closed retorts, the mixture 7, after being intimately mixed 
must be piled up in conical heaps on the sole of a reverberatory turnace. 
These are tlien ignited, and tlie rcsnlting residue is lieated again at a low 
red heat In this case, as in all otliers, the fused product forms a spongy, 
blistered, hard mass, which must first be cruslied in edge-runners, screw oi 
beating mills before leaching is practicable. Tliis latter operation is per¬ 
formed in tanks. TTie coarse grained, pulverised residue is lioiled with water, 
by direct steam, until the soluble salts are all extracted, which in some cases 
may take a considerable time. The nndissolved residue must then be lell 
to settle down, and tiie generally useless top liquor removed by decantation. 
The residue is allowed to drain in filter boxes, similar to those shown, m 
Fig, 62 , or some other corresponding device. Here, if necessary, the masi 
may be re-washed with hot water. The fused product from mixture No. b 
containing some calcium oxide, besides potassium sulphate, must be treatec 
with very dilute hydrochloric acid, and the residue washed once by the ait 


The ehromium oxide, washed in this manner, must lie well dried, after 
pressing, and recalcined for some time at a low red heat. 

Care must always ho taken that the mixture contains as little iron as 
.mssible, since this metal makes the already poor shades ot ehromium oxide 
pigments still duller, owing to the formation ol iron oxide, or ‘he b ack 
sulphide of iron. Any existing eoinpminds of iron can be easily removed by 

• Tiistciul ot soft wood charcoal potato starch can la) used, or ))ai«-r.iiiakci-'s wood- 
liuli) (celUiloBc), extracted witli hydrochloric acid, or otiicr iiialcrials furnishing pure, 
carbon when heated. 

f According to Ludwig. 
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digesting the leached fused products with dilute hydrochloric acid. If the 
sulphide of iron is formed owing to tl)e presence of sulphur in the mass, ^ 
more or less brisk evolution of sulphuretted hydrogen gas will occur on 
adding the hydrochloric acid. In any case, even when boiling is resorted to, 
the iron oxide dissolves very slowly in the dilute acid. 

When this digestion is finished the dissolved iron salts must b e 
thoroughly washed out of the mass. 

Mention is frequently made in the technical press of methods for pro¬ 
ducing chromium oxide in the wet way. Such instructions are rarely 
successful in j)ractice, since the resulting chromium oxide (apart from the 
one obtained by precipitating a solution of chrome-alum with .soda and 
heating the restilting chromimu hydroxide) is not nearly so bright as that 
made by the dry method. 

Casf/iciaz and Lcnne {Dhtgicrx Journal, cxe., p. 429) obtain ehroinium 
oxide of more beautiful and purer shade than (iuignet’s green (?) by pre¬ 
cipitating a chrome solution very slowly with insoluble or sparingly soluble 
hydroxides, hydrated metallic carbonates, metallic sulphides, and other 
combinations of weak acids. The jn-ocess is said to give very regular results. 
The same object is said to be attained by immersion in slightly acidified 
solutions of chrome, metals (such as iron or zinc) exhibiting an affinity for 
the acids of chromium salts. According to the statement of the inventor, 
the solution of any chromium salt (chromium chloride, chromium .sulphate, 
chrome alum, i^c.) is converted into the gn?y modification by boiling or other 
means (unless this state has already been attained), 'fhe solution, cooled down 
to 8° to J O'’, is gradually treated with gelatinous alumina (or zinc hydrate, 
zinc carbonate, freshly prepared zinc sulpliide, metallic iron or zinc, &c.), 
whereupon ehrotnium oxide will quickly be formed, especially if the tem¬ 
perature be raised to boiling-point. 'I’liis product merely requires washing 
to attain a state suitable for all teelinicnl requirements. If the precipi¬ 
tating agent is a body that forms insoluble compounds with the acid of 
the chromium salt, the shade of the cliroinium oxide will naturally be 
correspondingly impaired. 

Chromium oxide is a dark grass-green powder, perfectly insoluble in 
water and nearly all acids. It is infusible, and imparts a pretty green tinge 
to glasses. Upon this quality rests its n))j»licalion in the pottery and glass 
industries, as well as (more es})eeially) for ])orcelain painting. It is used, 
too, as an artist’s colour, in the grajdiic arts and for fireproof paints, it has 
also a small sale for the manufacture of .sealing-wax. Chromium oxide is 
largely used in addition to the chromium hydroxide, described in the 
following section, in calico printing. 

True Chrome Green, Guignet’s Green {S7naragd Gran, 

Vert (le Gnignet) 

On account of its superior qualities, the chromium tetrahydroxide, of the 
formula Cr/)(OH),, has a larger technical application as a pigment than 
any of the others. Its ]>reparatlon from potassium l)iehronmte and crystal¬ 
lised boric acid, although already known for a long time, was first made 
public by Gnignet, i'roxn whom the colour derives its name. Gnignet'x green. 
The procc-ss is still the same as ilescribed by the inventor, the only nuKlifi- 
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cations made being confined to the improved construction of the furnaces 
where the calcining process takes place, in order that a portion at least of the 
valuable boric acid lost by sublimation * may be recovered. This has been 
made possible by the employment of muffle and retort furnaces provided 
with a suitable system of flues for condensing the volatilised boric acid. 

The chemical reaction in the formation of chromium tetrahydroxide by 
calcining a mixture of potassium bichromate and boric acid at a dull red 
heat can be tlieoretically explained as follows: As the charge fuses, water 
and oxygen are liberated, and chromium borate and potassium arc formed, 
the latter passing into solution on leaching the fused product with water. 
The chromium borate is decomposed by this treatment with water to 
chromium tetrahydroxide and boric acid. The reaction is expressed by the 
following ecjuations: 

1. Heating process : 

K/:r,0, f l(iB(()H), - Cr„(H,(),), 

Potassium bichnimutu Boric aci<l (‘hroiniiim borute 

+ Kji,o, + am/) + :iO 

Potnssiiim borute Water Oxypcn. 

2. Decomposing with water: 

, ^ Ci',(np,), + WlW = (:r/)(()H), + 12B.(()H), 

Ohroinium borate WiUer Chromiutn tetrahydroxide Borii^ acid. 

Although according to the above formula ifi molecules of boric acid 
should be sufficient for the decomj)osition of 1 molecule of })otassium bichro¬ 
mate, much greater quantities are used in practice to obtain a favourable 
result. This excess of boric acid plays a special part in the process of form¬ 
ing chromium borate, for although it apparently does not enter into the 
reaction at all, but only sublimes during the calcination, its presence seems 
essential to the successful production of bright Guignet’s green. The 
explanation is aflbrded by the mechanical part played by this portion of 
the boric acid in introducing and regulating the process of calcination, 
experience showing that the charge becomes more sensitive to the 
predominant high temperature when the sublimation of the free boric 
acid has terminated, a moment that usually coincides with the satis¬ 
factory completion of the heating process itself. In all cases where, after 
the volatilisation of the free boric acid, the heating of the mass is continued 
the temperature in the retort seems to increase out of all pro|>ortion, tlius 
augmenting the risk of forming the dreaded rust stains (brownish to blackish 
places) in the otherwise beautiful emerald-coloured product. This phe¬ 
nomenon appears if the excess of boric acid is lessened or avoided, 
from a false notion of economy by the inexperienced. In such case 
the heating process, even when carried out with the greatest care, often 
results in a brownish mass, the yield being also far lower than usual. Even 

* We have retained this expression as being used in practice, though, as a matter of 
fact, crystallised boric acid docs not sublime, but volatilises from a<|ueous solutions along 
with (-(msidoiubh' quiuililk'S of steam. 
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during the lieating process— an amount that can be calculated exactly— 
and secondly on tlie rate at which the heating process is carried on. 

Another point revealed by this circumstance is the mistake committed 
by moistening the charge, as is sometimes recommended, since it increases 
the amount of water, and consequently a loss of boric acid. 

'J'he manufacture of Giiignet’s green is therefore divided into three 
Stages: mixing the raw materials, heating this mixture, and treating the 
calcination {)roduct with watei\ 

The first stage proceeds iji the usual manner, by mixing the raw materials 
in edge^runner mills, and then grinding tliem between millstones. Tlic 
most favourable proportions to use are : 1 ])art, by weight, of potassium 
bichromate to :) parts of crystallised boric acid, the mixing being, of 
course, considerably facilitated by using the former in the state of fine 
powder. 

As already mentioned, the heating process is nowadays conducted 
exclusively in eartlienware or cast-iron retorts, of which about four can be 
set up in one furnace. Figs. 71 and 72 represent such a furnace in eleva¬ 
tion and longitudinal section. Furnaces of a simpler construction may be 
used, according to the size of works, especially if the loss of boric acid by 
volatilisation with the steam be disregarded. In such event very favourable 
results are obtained with any kind of retort stove that is provided with a 
sufficient draught and is carefully supervised. In no case, however, may 
this furnace be used for any other purpose. 

The arrangement of the retort stove shown in Figs, 71 and 72 will 
be iiilclligil)Ie from the sketch. The retorts are built up of earthenware 
plates or composeil of nuiffie-shaped fire-clay tube sections of large <liameter, 
and are j)ut in the furnace in such a way that tlieir surface is expos(.*d to 
the heat on all sides. At the front end of the furnace where the fire-grate 
is situated the retort; project a little lieyond the wall of the furnace, and 
are fitted here with strong cast-iron doors, the iron connections for the 
flues serving to condense the escaping boric acid. The latter device com¬ 
municates with all tlie retorts in common, and discharges outside the 
furnace into a single ])ipe, which leads the condensed liquid into a wooden 
or iron receiver. The doors of the retorts are provided with round peep¬ 
holes. 

'I’Ik* retorts are charged when already at a dark red heat, for reasons 
easy to understand in view of the behaviour of the boric acid as already 
explained. Soon after the retorts liave been charged and closed the reaction 
begins. 'Hie finely ground mass, being very loose, collapses at first on 
account of the decomposition of the boric acid and the escape of the water 
of crystallisation. It then softens and intumesces to a spongy mass. This 
indicates the stage of the reaction explained by Equation 1 on page 2.'?.*^, 
viz., the incipient formation of'chromium borate, the bubbles being caused 
by the escaping steam and expelled oxygen. This reaction progresses as the 
dull red heat of the retorts is maintained, and will be complete when the 
whole mass is red hot. There is no advantage in leaving the product in 
the retorts any longer, so the nearly soft mass is raked out with long iron 
crutches into sheet-iron boxes underneath, where it gradually cools, and 
assumes a bright dark emerald green shade. The resulting chromium borate 
retains its spongy aj»pear.nue when cold, but becomes very hard. It is 
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remarkably light, the more so in projxirlioH as the reaction has proeectled 
satisfactorily. 

Immediately the retorts are emptied a second charge is put in,and so (brlh. 
The suitable amount of the charge in each ease depends naturally on the 
dimensions of the retort, and must be ascertained by experiment. It must, 
however, be l)oriic in mi>id that large charges, though they might economise 
fuel, would not only endanger the successful course of the lieating process, 
but also make the work of charging and emptying the retorts unnecessarily 
difficult. It is therefore advisable to make the individual charges too small 
rather than too large, since, on account of the high price of the raw mate¬ 
rials, the risk of spoiling a batch far outweighs the small saving of fuel. 

If the cliromium borate were left too long in the furnace after the 
reaction is over, or if the temperature were allowoil to rise too high during 
the reaction, then the aforesaid rust stains would appear and the mass would 
fuse, especially at the surface of contact with the bed of the retort. This 
would entail injury to the retorts, in addition to a loss of Tuatcrial. In these 
circumstances the boric acid—deprived of the whole of its water by the 
great heat and converted into boron trioxide, —combines with tlie simul¬ 

taneously produced chromium oxide to form an extremely hard glass, which 
in the molten state covers the bed of the retort, and can only be removed 
with great difficulty when cold. If sucli accidents he repealed the retorts 
will soon become useless, or at any rate recpiirc an increased consumption of 
fuel to heat them up to redness. 

^ The next stage is the decomposing of the resulting chromium letra- 
hydroxide (the true Guignet’s green) and boric acid liy means of water. 
This operation is delayed until considerable quantities of the melt have been 
collected, the reason being twofold. In the first place, the treatment of a 
large quantity at a time saves labour, and as liot water or steam is ncciled 
there is also a saving of fuel. The second, and still more important reason, 
however, is that more highly concentrated liquids are obtained. As already 
mentioned, tlie treatment of chromium borate with hot water furnishes 
solutions containing calcium borate (formed in the heating process), together 
with free boric acid, in such quantities that it becomes profitable to recover 
these products in a suitable form for use over again. 'I'he only way to do 
this being to evaporate the solutions until crystals arc deposited, it is 
easy to understand that this operation can he greatly facilitated utkI 
cheapened by obtaining highly concentrated liquids at the outset. Tor this 
reason the process of decomjmsing the calcined product must be carried on 
with a minimum of water, which can only be done by using steam. 

The principle of the arrangement used for tliis purpose has already 
been described—for instance, in tlie process of dissolving lead in vinegar. 
In tills case, too, a large wooden tank, with false bottom, is preferably used. 
The false bottom is arranged at about one-fifth of the heiglit of the tank, 
but can easily be taken out and, if necessary, placed at a higher or lower 
level. This false bottom is perforated with a considerable number of 
holes of about the size of a pea. The walls of the space between tlie two 
bottoms are provided with two diametrically opposite openings at different 
levels, the higher being connected with a steam pipe, whilst the other 
serves for discharging the resulting solutions, and is fitted with a tap or 
spigot. The outlet opening must he placed close against the solitl bottom of 



the tank, and the latter arran|;ed in such a position that the licpiids can run 
off into vessels underneath. Ijince the solutions must be afterwards treated 
with hydrochloric acid to convert the calcium borate into boric acid, it will be 
advisable to have two tanks, one above the other. The u])per one, provided 
with a false bottom, serves for tlie decomposition of the ctiroiiiiuin borate by 
steam, and the lower one for the hydrochloric acid. If this arran^^ement is 
precluded from lack of space, the tanks must be placed side by side in such 
a way that the liquids from the dissolvin^^ tank can be easily transferred to 
the decomposing tank. The former tank must, of course, be provided with 
a close-fitting cover of boards. 

The false bottom Iwving been put in place, the upper part of the tank is 
filled to the top with chromium borate, which need not be crushed. The 
lid is put on, and a gentle flow of steam is admitted. The melt is decom¬ 
posed at once by contact with the steam, the action being accelerated by 
gradually increasing the flow of steam. Under this treatment the product 
changes completely, the shade becoming lighter and brighter. Tlie Imrd 
chromium borate is converted into the pasty cliromium tetrahydroxide, which 
can easily be pulverised when dry, and forms tlie commercial (luignet’s green. 
The admission of steam is continued until a sample of the green shaken up 
with hot distilled water cedes merely traces of potassium borate to the 
latter. This can be tested by evaporating a filtered sample of the washings 
on platinum foil, whereupon notliing hut a very small residue should remain. 

Wlien the withdrawal of the solutiotis from the dissolving tank into the 
decomposing tank has been continued for some time—in the course of which 
operation a small (juantity of the green is unavoidably carried with the 
liquid—tlie first tank is opened, and tlie false bottom is swilled with hot 
water and taken out of the tank, which is then filled to the top with hot 
water. After a thorough stirring the mixture is allowed to settle down. 
The washing water, which is of no value, is renewed two or three times if 
necessary, though it is ajiparently impossible to extract the whole of the 
boric acid in this manner, for Guignet’s green, even after the most careful 
washing out, still contains some traces of boric acid. The colour paste, 
when sufficiently washed, is then filtered, pressed, and dried in the usual 
manner. 

The solution in the second tank chiefly contains jiotassium borate, 
with variable quantities of free boric acid. It is treated with an excess of 
technical hydrochloric acid, when sufficient volume of the liquor has accumu¬ 
lated. This converts the potassium borate into potassium chloride and boric 
acid, H3BO5, the free boric acid being also precipitated. The above reaction 
proceeds according to the following equation: 

KJJ.O, -I- mC\ + r>Hfi = mjJO, + 2KC1 
I’otuHsiuni b(n*ule Hydrocliloric acid Water liorie acid Pota^5s^ium cliloride. 

However, for the process to be of practical use it is necessary that the solution 
should be sufficiently concentrated, and therefore the liquids, if very dilute, 
must be concentrated before they can lie treated with hydrochloric acid. 
The precipitated boric acid must be separated from the solution by filtration, 
and is dried on wicker frames covered with cloth, at a moderate temperature. 
The residual solution, containing potassium chloride, is thrown awa«’ 
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some other use can be foinul for it. Wlicn carefully supervised, the recovery 
of the Iwrie acid will }>rov(‘a source of (•onsi(h*ral)le profit. 

'riie li(|ui(l iMn-ic acid drainiiijf from the condeiisinp^ flues of the furnaces 
into the receiver |»rov}ded for the pur|)os<‘ is placed in the tleconiposin^r vat 
for treatment with the solution from the chromium borate. 

Instead of potassium bichromate, the ehea|)er sodium biehromntc can be 
used for producing Guigiiel’s green willumt any alteration of the manufac* 
taring process, but the yielcl obtained is somewhat less than vhen the 
potassium salt is used, and the ]>ro(luct is generally of a lighter shade. If , 
the process has been well managed, 100 parts of potassium or sodium bichro* 
mate will yield 6.1 to ()5 ))arts of (niignet’s green, according to the content 
of boric acid in the latter. 

In a pure state Guignet's green has a very bright dark emerald green 
shade. It is not only perfectly fast to air and light, hut, if properly made, 
will also resist the influence of alkalies and most niineial acids. When 
fused with saltpetre on platinum foil or in a porcelain crucible it is con¬ 
verted into j)otassium chromate, a reaction common to all chromium oxides, 
and serving as a test for these oxides, (niignet’s green, lieated above its 
temperature of formation, loses its bright appearance in a sliort time, parting 
with its water of hydration and changing into the duller chromium oxide. 
Pure Guignet’s green is mostly used in calico printing, for wall-papers, 
bank-note printing, chromo-lithograpiiy, ttc. -i.e., for all purposes where its 
fastness is the determining factor. 

Sometimes Guignet’sgreen is made by heating potassium bichromate with 
' afsenioiis acid, a method givijig products wlileli are brighter than that 
obtained with boric acid, but very poisonous. 'J'he colours are also known in 
the trade as emerdkl or Victoria g7'c‘Cf/. I’rue Guignet’s green is also required 
and sold in some countries as V'ictoria green. On the other haml, the name 
Mitilers green, ap[)lied to Guignet’s green, is now very seldom used. 


Other Chromium Oxide Greens 

[Plessy’s Green, Arnamlons Green, Schnitzers Green, Dingier s Green, 
Gasali's Green) 

All other chromium oxide pigments are far inferior in intensity and bright¬ 
ness to Guignet’s green, and, independently of their very liigh cost of 
production, have not yet succeeded in making any headway in practice. The 
reason why, in spite of this, we devote a little space to mentioning these 
chromium oxide compounds is because there seems to be an opportunity of 
preparing thc.se green pigments l)y known niamifaeturing j)rocess(js and of 
obtaining ])roducts of considerable interest to the con.sumer. To make these 
colours available for praertieal use the first essential is to reduce the high 
prime cost to a level in consonance with their appearance and other ])ro* 
perties, with s])ecial regard to their fastness to thermal and other influences. 
The chief obstacle seems to be caused by the necessity for using the ex])en- 
8 ive bichromates; for whilst the chromic acid colours, such as chromes, zinc 
chrome, chrome red, &c., give result.s correspoiuling to a loss of barely 
30 per cent, of the weight of the raw materials, tlie loss in the case of the 
chromium oxide pigments cannot be estimated at Jess ilian .50 per cent.; 
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and, indeed, a still jjreaterlossis experienced in making pure chromium oxide 
by the reduction of bichronmte. Now the possibility of combining chromium 
oxide with jihosphoric acid, and thereby obtaining a higher yield in conjunc¬ 
tion with a lower cost price, is proved by the existence of the numerous 
combinations mentioned at the head of the present subsection, all of which 
are chromium phosphates, so far as concerns their most essential ingredient. 
It is also justifiable to assume that still more advantageous results could be 
obtained by following the matter up in a scientific and technical manner. 

With regard to the above-mentioned colours, Plessy’s green undoubtedly 
deserves special consideration, the nrethod of production being cheaper and 
more feasible than that of Arnaudon’s and Schnitzer’s green, as well as 
apparently susceptible of considerable improvements. 'J'he Plessy process 
consists in treating a solution of bichromate with calcium biphosphate and 
cane sugar as reducing agent, and is briefly as follows: 

Twenty-two pounds of potassium bichromate are dissolved in about 
22 galls, of hot water, and the solution is firstly treated with galls, of 
calcium phosphate solution containing 6 .'S per cent, of phosj)horic acid, 
and afterwards with 11 pounds of cane sugar. After a short time a con¬ 
siderable evolution of gas occurs, causing such a violent effervescence that 
it must be moderated from time to time by diluting the liquid with water 
to prevent frothing over. The reducing action of the sugar takes about 
twenty-four hours, after which time the green colour will be fully formed. 
Tlie colour settles down completely to tlie bottom of tlie vessel, and the 
clear top liquid is then poured off. The green is washed two or three times 
with clear water, and is then filtered, pressed, and dried. 

The calcium phosphate solution is prepared by treating white calcined 
bones for a long time with hydrochloric acid, an excess of the latter being 
avoided, as it would disturb the formation of the green pigment. '1 his will 
be brighter and lighter in shade in proportion as more chromiuin oxide has 
been combined with the phosphoric acid. It is therefore preferable to use, 
at the outset, a larger quantity cf the calcium phosphate solution than is 
really needed to form the green. Hence the resulting product seems to have 
no constant composition, but rather to be a variable mixture of chromium 
phosphate and chromium hydroxide. Instead of cane sugar, the much 
cheaper glucose, and probably certain otlier cheap reducing agents, may be 

used. iri- 

Sc/mitzers green is prepared in a similar manner. 72 parts of sodium 
phosphate and 12 parts of tartaric acid are treated with 30 parts of potassium 
bichromate. A green colour is obtained, which differs only a little from 
Plessy’s green, but is far more expensive to produce. 

Amaiidons Green .—According to the inventor’s instructions, this green is 
obtained by heating a mixture of 128 parts of neutral ammonium phosphate 
and 149 parts of potassium bichromate to about 200® C. The product 
obtained by careful working is said to compete with emerald green in 
brightness and shade, and in addition to possess the valuable qualities of 
chromium oxide. However, even if this should prove correct the high cost 
of producing this colour would greatly retard its general technical applica¬ 
tion ; and this is actually the case at present. Therefore Arnaudon's green 
remains of merely scientific interest. On a small scale it can be made as 
follows: 
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The finely pulverised salts are intimately mixed in the above propor¬ 
tions by weight, and the mixture is heated in a basin to 170° to 180® C. 
To obtain a thoroughly intimate mixture of tlie materials, according to the 
instructions of the inventor, each salt is dissolved by itself in a little hot 
water, the solutions being then united, and the resulting liquid evaporated 
until a pasty consistence is attained. The mass, which sets on cooling, is 
ground to a coarse powder and heated in this state, as mentioned above. 
As soon as the temperature has risen to 180® C. the mass becomes soft 
again, intumesccs suddenly, and passes over to the green combination, with 
liberation of steam and gaseous ammonia. The green increases in brightness 
when heated further up to ‘ 200 ® C. fliis temperature must be maintained 
for about half an hour, but if it be exceeded the green shade disappears 
again by gradually turning brow'ti. The melt obtained at 200® C. must be 
washed with hot water, as explained in the manufacture of Guignet’s green, 
the contained salts being thereby extracted and Ariiau<lon's green left 
behind in a very finely divided state. 

Theresultinggrcencolourhas in general the same properties as Guignet’s 
green. Arnandon’s green resists the inHucnce of acids and alkalies, is very 
fast to light, and is of a bright pure green shade, which it retains under 
artificial illumination. If calcined after drying, Arnaiidon’s green parts 
with water of hydration and clianges its shade, being apparently transformed 
into the duller chromium oxide. 

/)iwg/cr’.9 grcca is a mixture of chromium and calcium phosphates. It is 
not so bright as Arnaudon s green. 

Cas-ali s grem is obtained by heating I part of potassium bichromate with 
3 parts of gypsum, and boiling the melt with very dilute hydrochloric acid. 
It is therefore pure chromium oxide, and possesses the same properties and 
characteristic shade. 

Tile calcined chromium oxide will resist even boiling sulphuric acid, and 
therefore can be easily freed from all admixtures soluble in acids. When it 
is fused with soda an(i saltpetre on platinum foil or is boiled with potassium 
I)ermanganate the corresponding alkali chromate is formed, soluble in water, 
and of a light yellow shade. Acidified with acetic acid, the solution turns 
yellowish red, and gives with lead a yellow, with mercury a red, and with 
silver a reddish brown precipitate. When the solution, how^ever, is treated 
with ammonium sulphide or concentrated with hydrochloric acid a green 
shade is obtained. The borax bead also is coloured green in presence of 
chrome. 

It was owing to the highly divergent colours of the compounds of this 
element that it first received tlie name chromium,” from the Greek 
(colour). 

c. Green Cobalt Colours 

Of this group of colours only two representatives are known : cobalt-zinc 
oxide, or Hinmnnnx green, and the alumina-chrome cobalt oxide, or turquoise 
green. The former possesses merely a theoretical interest, since it has never 
been put on the market. The latter is preferably used for glaze fluxes in 
)>orcelain and glass ])ainting. Although the description of these colours 
hardly comes within the scope of this book, it will nevertheless be briefly 
policed, turquoise green beipg used in isolated cases for painting in oils, 

9 
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Rinmanns green was discovered in the last quarter of the eighteenth 
century by the Swede Rinmann, and was produced by heating a mixture 
of zinc oxide and cobaltous oxide, but was unable to find any j)ractical 
application, on account of its high cost of producti<'n. Despite the successful 
manufacture of zinc oxide on a large scale and the greatly reduce<l cost of 
cobaltous oxide, Riinnamrs green still failed to secure popularity, being 
neither specially bright nor of good covering power. Tlie other j)ro- 
perties—viz., perfect insensitiveness to all outside influences—are also . 
possessed by the relatively much cheaper Guignet’s green in the same, if 
not in a liigher degree. 

Rininann’s green, sometimes also called zinc green, can be ju'epared in 
different ways. The resulting colours seem to difi'er in composition and 
appearance according to the reeij>e followed, the shade increasing in light¬ 
ness with tile amount of zinc oxide jiresent in the compound. According 
to one recipe, the dried precipitate, obtained by Ircaliiig lb parts of zinc 
sulpbale and 7 parts of cobalt sulphate with potassium or sodium carlionate, 
must be heated to a very high temperature until no further increase in the 
intensity of the resulting green colour can be detected. Another method 
proscribes dissolving 1 part of cobalt oxide in the equivalent (piantity of 
hydrochloric acid, the solution being treated with 10 parts of aluminium 
sulphate. The liquor is thickened with 50 to 100 parts of zinc oxide,dried, . 
and fiifally very strongly calcined. As may be seen, these two recijies 
deviate considerably, so that their products may be assumed to consi.st of 
entirely difl'erent bodies. 

An addition of phosphoric acid or arsenic acid is said to increase the bright¬ 
ness of Rimnann’s green (according to Lonyrl). More recently, according to 
Ileiier, this green has also been olitained ns a liy product in the metallurgical 
treatment of nickel ores. Rinmanii’s green can also be obtained in a 
particularly bright shade by calcining 100 parts of zinc sulpliate and ‘2'5 
parts of cobaltous nitrate. 

Turquoise green, whicli has a highly blue tinge, cannot compete with tlie 
bright appearance of the cheaper Guignet’s green. The brightest shade is 
obtained by heating to redness a dry mixture of bO parts of soft, pulverised 
alutninium liydroxide, .SO parts of chrou)ium hydroxide, and 50 parts of 
cobaltous carbonate. According to another recipe, a very bright turquoise 
green can be obtained by precipitating the mixed solutions of aluminium 
sulphate, of chromic sulphate, and cobaltous sulphate with a solution of 
soda. The thoroughly washed precipitate is then dried and heated to 
redness for some time. 

Turquoise green is said to owe even its present limited application in 
porcelain j)ainting entirely to the circumstance that the shade of the 
resulting glazes cannot be obtained by tlic use of any other materials or by 
mixing blue and yellow. The same property also influences its application 
in painting. 

d. TTltramarine Green 

The manufacture of ultramarine green has already been thoroughly 
described when dealing with that of ultramarine blue, so that we have now 
only to consider the details of the further treatment necessary to furnish a 
commercial article. Ultramarine green has only a very small covering 
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power, and is therefore limited in its application as an oil colour. It is, 
however, valued as a transparent artist’s colour, producing very fine eficcts; 
and it also does p;ood service in litho and letterpress printinjf. Ils chief 
technical application is, however, as a lime-wash, in which medium it ^dves 
a bluish ^reen shade, very agreeable to the eye on account of its varm 
tone. Being fairly fast to light and air, uitramarine green is })icfcral)ly 
emj)loyed for outdoor work, fronts, ike., cither alone or mixed with other 
colours. In tlie last few years it has, liowevtT, l)»'en displaced by llie so- 
called lime greens (made from coal lar dyes), which are not only ein-aper 
and cover better, but are also nearly as fast to light a)id air, besides beii»g 
brighter in shade. 

The yellowisli shades of ultramarine green arc |)rcferred. 'i’lie bluish 
shades can he obtained easily, and alM)ve all cheaply, hy suitable additions of 
ultramarine blue. Unfortunately, however, the finely pulverised yellowish 
ultramarine green, besides having the lowest covering })ower of all idtra- 
marine brands, is more insignificant in appearance as the yellow tinge 
increases. As already seen in llie inaimfaeiure of idtraniarine, the faculty 
of giving yellowish ultramarine green belongs especially to the Glauber 
salt mixtures, which are the most important irj the jwoduetion of tlie com¬ 
mercial brands. Tlie lighter shades of the more bluish soda greens are also 
often met with in the trade. 

'J'o obtain handsome yellowisli green commercial ultraniariiH'S by calcin¬ 
ing tlie Glauber salt mixture it is necessary to accelerate the process by 
forcing the rise in temperature, and taking care that none of the reducing 
agent is left uneonsiirned in the finished pr(*duet. Sliould such be the 
case, the batch will generally be useless, for although it turns green at 
once in the air on being taken out of the furnace, tin; colour is irregular. 
These defective hatches, however, can be used for making blue, tlie defect 
in tjuestion then becoming uninijmrtant. A jeeurrence of the evil can 
be ea.sily remedied at the next batch for green by decreasing the amount 
of the reducing agent, or, better still, by correspondingly longer raking. 
The green should then be uniformly soft, and showing as little blue as 
possible on the surface, a result obtainable by the eniploynu tit of well¬ 
fitting lids and a reducing flame. Should the blue colour nevertheless he 
formed, the product must be carefully .sorted, the blue portions being 
added to a batch for making blue, whilst the green ))(>rtions can be re-sorted 
according to reijuirements. 'Die difl'erently shaded green sorts obtained in 
this manner are tlien ground sejmralely in the dry state, washing now 
being regarded as unnece.ssary. The more or less fine products obtained 
ill this manner are mixed for producing certain market brands (only two 
or three being usually made), according to projiorlions a.scertaincd by trials 
on a small scale. 

The foregoing remarks also apply to soda greens, which, liowever, will 
seldom stand such a strong grinding as the harder Glauber salt greens, owing 
to their much softer nature. For this reason the crushing is performed in 
the formerly’described rolling barrels {xce page ISfi), less, however, to 
obtain a finer powder than to ensure a more intimate mixture of the 
different shades of colour frequently present. The soda greens, as already 
mentioned, are of a more bluish shade than the Glauber salt greens, 
and therefore apparently more intense than the latter. This property is, 
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however, only exhibited in the pure colours, for when mixed with white 
materials (as is customary for outdoor use) they have considerably less body 
than the Glauber salt greens. 

The chemical character of the ultramarine greens is exactly the same as 
that of the different brands of ultramarine blue. 


e. Chromo G-reen {Green Vermilion, Chrotngriin, Vert de Chrome) 

'fhe so-called chrome greens are manufactured and used in larger 
quantities than any other green mineral colours. They are exclusively 
obtained by mixing chromes of definite shades with Prussian blue, finely 
ground barytes, which is taken up in almost unlimited quantities by the pure 
mixture, being added as a third ingredient, to obtain cheaper brands. The 
chrome greens are very strong in covering and colouring power, owing to 
the possession of the same qualities by the chromes and Prussian blue used 
in their preparation. This advantage is, of course, the chief reason for 
their extensive practical application, the more so because the capacity of 
the mixtures to stand large additions of barytes without unduly lightening 
the shade enables useful chrome greens to be produced at any reejuired 
])rice. Chrome greens are not so fast to light as the zinc greens, but are 
nevertheless very largely used for outdoor painting, especially in oil, for 
which ])urpose their good covering power and low price may be the decisive 
factor. But whereas the zinc greens are specially used lor oil paints, the 
clirome greens are also suitable as paper-stainer’s colours, for litho printing, 
&c. In the manufacture of wall-papers they are known as printing greens, 
while in litho and letterpress work they are used under the name of satin 
green (Milori green). 

On account of their great covering power, the clirome greens are 
specially suitable for mixing with other colours, provided the latter do not 
contain ingredients likely to act injuriously on their chemical properties. 
In consequence of the known sensitiveness of lead chromate and Prus¬ 
sian blue to even the weakest alkalies, the use of chrome green (even in 
oil) is precluded where such influences may be feared. The same applies 
to paintings exposed to even weak acids ; for although the Prussian blue is 
j)roof against acids, the lead chromate of the green is destroyed by acid in a 
sliort time, or at least transformed into the straw-coloured modification, 
which will impart at least a bluish-white shade to the greens. This 
alteration is, of course, the more noticeable the smaller the content of 
Prussian blue— i.e., the lighter the shade of the green. For mixing the 
chrome greens with size for wall-paper printing, or distemper painting in 
general, perfectly neutral size must be used; and on no account may the 
mixing be performed in a hot state, since the lead chromate present readily 
turns orange at high temperatures, and produces an olive green shade. 
For the same reason chrome green paints are inadvisable for articles exposed 
to high temperatures. 

A very important part in the production of chrome greens is played by 
the selection of a suitable chrome yellow for obtaining the brightest shade, 
and furnishing a product with the highest capacity for resisting various 
influences. In view of the great variety in the shades of lead chromate, 
and still more on account of their great ai)d som^tirn^s inexplicable liability 
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to alteration, tlie choice of and adlicrence to a suitable chrome yellow in 
.order to obtain the same shade in all cases is one of the niost dilficult 
problems of the colour manufacturer. Eur instance, whether the mixing 
with Prussian blue is performe{l by the wet or dry process, any alteration of 
lead chromate (sometimes frotn ap])areutly trifling causes) iinme<liatoly 
results in the green being distinctly altered, sometimes to a far greater 
extent than the yellow itsell. 'I’he chief fault, so far as concerns the manu¬ 
facture of the chrome greens, is iluo to the fact lliat tlie chrome yellows 
used darken more easily (very likely on aecouiil of the pic.sence of Ih'iissian 
blue) than otlierwise, thus making the greens dirty in shade, and conse¬ 
quently useless. This darkening, or rafl>er orange toning, of the chromes 
may also ap))ear even when a perfect green is kept for a long time in barrels 
or chests, no matter whether in a dry or damp place. 

Tile proper shade of Prussian liluealso has a great influence on the shade 
of the resulting chrome green. Prussian blue brands of a greenisli tinge are 
precluded on account of the low intensity of the greens proiluccd by their 
aid. This ajiplies still more to tlie decidedly reddish brands of Prussian 
blue, these giving, in most cases, dull and even olive shades. It is there¬ 
fore best to take a Prussian blue intermediate between a greenisli un<l 
reddish tinge ; but this is far more difficult in practice than appears at the 
first glance, since, for use in oil paint, consumers require tlie chrome greens 
to exhibit sjrecial properties, namely, that they must show up inucli <lnrkcr 
and brighter when mixe<l with oils or varnish than they do in the dry state. 
Hence even the brightest chrome greens arc of no use for oil painting if 
they turn paler or even whiter when mixe<l with the oil or varnish. Such 
paints will soon turn jiale or dirty in colour, or become streaky or brittle 
under various influences. I his property of showing up darker or brighter 
in oil is said to depend chiefly on the Prussian blue used, though the chrome 
yellow employed also has a certain, tliough smaller, influence on the result. 
This point must tlierefore be borne in iiiiiul in selecting the most suitable. 
Prussian blue for making chrome green. This will, however, not be the 
case unless the intensity of the blue is very considerable —i e., if it has been 
completely oxidiseil, a condition fulfilled by the la. brands of Prussian blue 
alone. It is theref^ore quite wrong to use any but the purest kinds of 
Prussian blue for the manufacture of chrome greens. 

Resides the above-mentioned facts, the method of working is also an 
important factor. In the first place, a selection has to be made, in 
mixing chromate of lead with Prussian blue, whether the wet or dry 
process shall be adopted. Both methods can lead to successful, but 
not always to the same, results, and tlierefore the selection will be 
influencied solely by considerations of simplicity and reliability in work¬ 
ing The ]U'odutTion of chrome greens in the wet way is rendered 
more difficult by the greater |>ossibility of the lead chromate undergoing 
alteration than when the materials are mixed in the dry state. It has, 
however, the important advantage of securing the most intimate mixture of 
yellow and blue. Consequently the wet method affords greater certainty of 
obtaining perfect chrome greens tlian tlie dry process, where everything 
depends on the excellence of the maehin^yy. A dry process of the kind 
under consideration implies that the mixing of the materials, chrome yellow, 
barytes, and Prussian blue, is effected by very careful grinding in edge- 
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runners or balance wheels, the materials in question remaining in the dry 
state during the whole operation. Comparing the two processes, it will 
be obvious that tliey end)o<ly ditterent means for tlic application of the 
Prussian l)lue. Thus, whilst in the dry process the blue can be used in the 
Jump state in which it comes on the market, in tlie wet method it must be 
first brought into a suitable form— i.e., it must be ground dry or wet. Now, 
in view of the great liardness of pure Prussian l>lue, it could never be con¬ 
verted by dry grinding into siicli a finely divided form as is re<juired for the 
wet process. Hence for the wet method soluble Prussian blue, or better 
still, for reasons wliicb will be given later on, blue in the form of paste, will 
be used. The great ditliculty in jwoperly grinding dry Prussian blue would 
stamj) the dry j)roeess as a very uncertain one, were it not tliattbe presence 
of (generally very large) quantities of barytes in the chrome green mixture 
greatly facilitates the mechanical distribution of the blue. For the same 
reason chemically pure brands of chrome green— i.e., such as consist only 
of pure chromes and Prussian blue—cjninot be niaiiulacturcd at all by the 
dry method, the mechanical reduclion of the blue taking such a long time 
to complete that tl»e mixture would get hot in the mill, and thus cause a 
very disagreeable alteration of tl»e chrome yellow, 'Phis notorious defect ol’ 
the dry process is associated with certain other disadvantages, the conse¬ 
quence being that its exclusive employment in practice is out of the ques¬ 
tion. In view of the unlimited variety of the commercial brands of chrome 
greens, makers will scarcely be in a position to su})ply all demands from 
stock, but Avill rather be compelled to make up the greater part of their 
orders to sample from the stock grades, On the other hand, in view of the 
different methods employed in the various works, it will rarely he possible 
to match the shade of wet jn'oeess chrome greens with those obtained by the 
dry ])rocess; and the necessity tlierefore arises of em])loying both processes, 
either concurrently or in suitable combination. The latter plan answaus 
almost all the demands of consumers in respect of good quality product, 
and is therefore mostly employed in practice. 

According to this mixed system the chrome greens are produced in 
different shades and prices hy the wet way and then n>ixed in tile dried 
state, adding chrome yellow, Prussian blue, or barytes, if necessary, to 
obtain a given definite shade. 'I’lie cajiacity of barytes f<u* taking up a 
consideralile quantity of liquid Prussian blue (viz,, finely ground with water) 
can be utilised here to very great advantage, since it obviates the necessity 
of adding pure Prussian blue to the dry chrome green mixture, and saves 
the time otherwise consumed in tliat operation. For this juirpose the 
barytes is stirred up with water and mixed in a vat (by stirring) with a 
certain quantity of Prussian blue paste. After being dried and ground, tlie 
resulting product forms a blue powder, “ h/ued hurijteft,” sometimes found in 
tlie trade as minernl l/lne." In our case, however, it merely replaces pure 
Prussian blue in the chrome green mixture. 

The addition of Prussian blue in such a finely divided form as the blued 
barytes greatly accelerates the distribution of this colour in the green 
mixture, and thus lessens the danger of tlie chrome yellow changing un¬ 
favourably in the mixture tlirouglr protracted working. In this manner 
brighter greens are always obtained than is the case witli pure Prussian 
blue, provided one does not go too far in the opposite direction, for if the 
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addition of blued l)arytes is pushed Ijeyond a certain limit it may very 
easily happen that the chrome green will exhibit very disagreeable proper¬ 
ties when ground in varnish, rlespite its bright appearance. One of the 
commonest and at the same time most objectionable features is that after a 
short time either the yellow or the blue, in the mixture with oil, will work 
out on the surface of the painting and entirely cliange its appearance when 
dry. This purely meclianic.al se))aration of the coniponents is <lue to the 
<liflerence of specific gravity, and is more certain to ensue in ))ropor- 
tion as the amount of blued barytes in mixtures is raised and the care 
bestowed on the mixing is relaxed. It is therefore very important, when 
shading the wet-process chrome greens by means of blued barytes and 
chrome yellow, to see that the s|)ecific gravity of the adjunct approximates 
closely to that of the blued barytes—<.c,, to dilute the chrome yellow with 
barytes instead of using it in a |>ure state. I’or the same reason wet- 
process chrome greens low in barytes—viz., richer in chrome yellow and 
liglit in shade -must not be darkened by an addition of blued barytes, 
since in such event tire difference in the specific gravity of the components 
would make itself felt in a very disagreeable manner on using these greens 
as oil paints. 

In the manufacture of chrome greens by the wet process it is most 
important to use a possibly jiale and bright chrome yellow as a b.asis. Of 
course the chrome yellow used must be fast to the Prussian blue iu all stages 
of the manufacturing process. As already mentioned on several occasions, the 
chief risk of failure in tlie process is due to the tendency of the lead chromates 
to darken afterwards, and turn the greens an olive shade. This fatal 
alteration occurs very often even during the manufacturing process, shortly 
after the addition of the Prussian blue paste or during the filtering stage, 
and still more frcipiently in tlie drying-room. The causes may differ con- 
siderably, eg., defective manufacture of the chromes, insufficient purity of 
the Prussian blue, or faulty arrangement of the drying-room. 

As already exjdained in detail in the section on chromes, the chrome 
vellows, regarded in accordance with their molecular composition as more or 
loss allied to the basic lead chromates, have the strongest tendency to darken 
considerably during the different operations through which they have to 
pass before drying. Hence it is essential in manufacturing chrome 
yellow for the purpose now in view th.at this basic character should be 
avoided. Now this latter will always appear when basic lead acetate or 
potassium monoebromate has been taken as a raw material, or it the pre¬ 
cipitation has been effected hot. It therefore follows that in ])rnducing a 
suitable chrome yellow for making green, neutral lead acetate and potassium 
bichromate can alone be used, and that the chemical reaction must proceed at a 
low temperature only. The most reliable basis for chrome greens would there¬ 
fore be the so-called lead siilpho-chromates .already fully described on page 1.17. 
These chromes as a matter of fact give the brightest chrome greens, and are 
now largely used in making the popidar chrome green resembling zinc green. 
On the other hand, they cannot be used for very dark green shades, since even 
the medium green shades have the defect of exhibiting a whitish appearance 
when used as oil paints, owing to their content of lead sulphate. 1 o obtain 
suitable dark shades, especially such as will show up dark in oil, the chrome 
greens must have as a basis a chrome yellow considerably more reddish in 
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tone than is {>ossible 'with lead sulpho-chvoniates un account of their 
chemical composition. 

With regard to the cijroine yellows obtained from wliite lead, some of 
the lighter shades of these are suitable for the manufacture of nearly all 
shades of chrome greens; but it is not yet known whether such lead 
chromates are really used in j)ractice for this j)urpose. On tlie other hand, 
the cliroines made from lead nitrate (no matter whether crystallised or 
obtained by dissolving white lead in nitric acid) are useless, tlie resulting 
chrome greens having a poor a])pearance in the dry state, whilst in oil they are 
very pale, sometimes even of a whitish cast. They are apj)arently not very 
fast to air, for, according to the observations of trustworthy technical men, 
they soon turn (even in the dry state) into the ohjectitmabie olive shades, and 
then retain the cloudy-whitish tinge when mixed with oil. 

Consequently there is only a single chrome yellow which will give bright, 
light, and also very dark, full shades of chrome greens, namely, that ol)taiue(l 
by precipitating neutral lead acetate with potassium bichromate. Its j)ro- 
duction, however, will be attended with some difficulty, inasmuch as the 
method will have to be adapted to the circumstances existing at the works, 
aud therefore a certain amount of iiisuccess will be inevitable at first. 
Nevertheless, when successful results have once been obtained, and the same 
lines are strictly followed thereafter, this method of manufacture, on the 
basis of personal experience, will always prove better than any other. 'I’lie 
following instructions for making a suitable chrome yellow must therefore 
be regarded solely as a general indication of the methods to j>ursue. 

The chrome yellow obtained by the simple precipitation of a solution of 
sugar of lead with potassium bichromate has the defect of darkening after¬ 
wards to a considerable extent even during the washing j>rocess, and care 
must therefore be taken to obtain the lightest possible shade from the 
beginning, in order to obtain a yellow which, after washing at least 
twice, and after the subsequent addition of Prussian blue, will stand the 
further darkening occurring during the operations of filtering, ju-cssing, 
and drying without impairing tl»e brightness of the resulting diied green. 
In order to reduce this inevitable darkening to an absohite miiiiiman, it will 
be necessary to perform the requisite ojierations as (juickly as possible, aud 
also strictly to adhere to the quantities of materials shown by experience to 
be correct, so as not to risk the delays caused by any variation therefrom, 
since any such delay will endanger tlie succe.ss of the wimle j)rocess. In 
manufacturing chrome greens, it is j)rimarily essential, more so than with 
any other colour, that the labour and time should be carefully apportioned, 
in order that a satisfactory result may be obtained. The careful avoidance 
of any loss of time ensures advantages operating favourably on the result. 
The most important of tliese is secured by beginning the work in the morn¬ 
ing, and accelerating matters so far during tiie day that tlie colour will be in 
the drying-room by the evening. Hereby the colour, which cannot stand a 
high temperature, even at the beginning, will be exposed to a gradually 
decreasing temperature during the night time, since the heating of the 
drying-rooms is not usually kept up at night; and this lowering of the tem¬ 
perature will greatly contribute to a satisfactory result. For this reason it 
is highly advisable to prepare the two solutions of sugar of lead and potas¬ 
sium bichromate a day in advance, so that the manufacture of the yellow can 
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l)e begun early the following morning. For this pur|)ose a large precipitation 
tank (jee Fig. 1) must be used, to save time in washing the lead chromate. 
Two smaller vats (of equal dimensions) are also required for preparing the 
solutions; and these arc mounted close to the precipitating tank, so that the 
iquids can be transferred Irom one to the other with ease. To avoid any 
delay, which is also dangerous even at this stage, it is highly advisable to 
arrange the tanks as represented in Fig. (). 

Ill one of the small tanks pure crystallised sugar of le^ul is dissolved in 
a minimum of hot water, and the solution is afterwards diluted with cold 
water until the temperature has fallen to In the same manner 

a cold and very dilute solution of potassium bichromate is prepared in the 
second small tank. Both solutions arc allowed to stand fur the deposition 
of any inqiurities present, in the meanwhile the prescribed (piantity of 
barytes is stirred up with water and strained through a fine sieve into the 
precipitation tank. This must next be filled about half full of cold water 
stirred up well, and left for the barytes to settle down. It must be noted 
that some kinds of barytes cannot be used for the manufacture of chrome 
greens by the wet method, since the presence of any large (piantity of 
gypsum or calcium carbonate may spoil the whole process. Hence none 
but ))crfectly jnire barytes can be used, or in case such is not available, 
llie contained impurities must be removed entirely by dissolving tliem out 
with hydrochloric acid. 'I'lie remaining mass is then washed several times 
with cold water, wliereupon it is ready for use. In view of the necessities 
of the case, all samples of barytes intended for use in the manufacture of 
chrome greens must first be tested for the impurities in question. 

The water above the barytes in the precipitation tank having been 
drawn off, the clear solution of sugar of lead is run in and the tank filled 
about three-quarters full of cold water. 'Fhe bichromate solution is then 
slowly added in a thin stream with continued stirring, which is continued for 
at least half an liour without any interruption after all the bichromate is in, 
the precipitation tank having been completely filled witli cold water. In 
this maimer 1.5-lG parts of potassium bichromate and 4S -.'50 jwrts of crystal¬ 
lised sugar of lead will furnish a very pale chrome yellow, containing the 
excess of sugar of lead absolutely necessary to jirevent any formation of 
basic lead chromate. The yellow having settled down very quickly, on account 
of the barytes, the top liquid is drawn off, and a further solution of 1-1 •5 
parts of sugar of lead is added. After a couple of washings, with tliorough 
stirring, the chrome yellow will be ready for taking up the Prussian blue. 
For this purpose the so-called “water-soluble’' blue would be useful, were it 
not tiiat this article is always expensive, whilst the makers’ statement that 
it is f ree from acid is not always reliable. On this account it is too uncertain 
a product to be recommended for making chrome greens. It will lie far 
better for the colour maker to prepare his own Prussian blue for this purpose, 
since he will then be able to rely on having an absolutely pure })roduct free 
from acid. So far as shade is concerned, the most suitable of all brands of 
Prussian blue is that obtained by oxidation with sulphuric and nitric acid. 
It may be used either in a state of suspension in water or as a thin pap 
after having been filtered, but not pressed. If it cannot be made on Ihe 
premises, it must be specially ordered from the blue manufactories as blue 
iur chrome green, and can then be obtained as a {)aste of any desired 
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consistence. The amount of Prussian blue (calculated on tlie basis of the 
dry matter) necessary to obtain the desired shade of green is made up 
to a tliin pap with water and poureil on to the chrome yellow in the 
tank through a sieve, and stirred continually to eiisure uniform mixing. 
This done, the finished green is transferred to the filter, and when sufficiently 
drained is pressed at once as strongly as ])ossible. 

The method adoj)ted for drying the chrome greens after leaving the 
press has a very important effect on the result, (iuiek drying is generally 
advisable, since the formation of basic leail chroniate takes place rather 
quickly, even in the case of perfectly neutral lead chromate, when the 
product is left in a damp state any longer than absolutely necessary, whilst 
the presence of Prussian blue seems to accelerate its fonnation. It is 
absolutely wrong, however, to dry at a very high temperature in order to 
quicken the process, such temperatures having to be guarded against for 
reasons already mentioned. The finely-crumbled chrome green will dry 
(piickly at a relatively low temperature (40° C.) if the atmosphere in the 
drying-room be kept as dry as }) 0 ssible by good ventilation to carry off the 
vapour liberated in the drying process. ()n the other hand, the su])ply of 
heat should also be regular, so as to prevent the temperature fluctiiating, at 
one time rising above 40° C. and afterwards falling below it. The drying- 
room should 1)0 as lofty and airy as possible, and fitted with large drying- 
racks. If possible, steam heating should be avoided, hot air giving decidedly 
better results both with lead chromates and chrome greens. At any rate, 
great care should be taken that all the joints of the steam pipes and radiators 
are always steam-tight and will not admit steam into the room through 
leakages. In an efficient drying-room the strongly-pressed chrome green, 
crushed as small .as possible, should dry in about twelve to eighteen hours, 
according to the season. No other colours should be drie<l in the same 
room with the chrome greens, since their presence will naturally retard the 
drying ])rocess in a manner disadvantageous to the green pigments. 

It being, on the one band, impossible to keep all the extremely numerous 
sha<les of commercial chrome green in stock, and, on the other, v(*ry difficult 
sometimes to match a required shade immediately, without any prelimi¬ 
nary trials (on account of tlie alterability of the lead chromate), it is 
advisable to make a certain number of stock grades: say, a light, medium, 
and dark shade, for insbince, in three to four different qualities (by adjusting 
the quantity of barytes). It is also advisable to keep t]»ese standard 
grades in a dried but not pulverised state. It will then be possible, by 
mixing these stock grades in certain projwrtions (determined by trial with 
small quantities) in the edge-runner mill, to match any desired shade 
and price quickly and accurately, blued barytes and chrome yellow being 
added if necessary. Chrome greens that have turned olive in the wet 
process can generally be worked uj) again in this way. The chrome 
green mixtures corresponding to the standard grades must be sifted after 
leaving the mill in a ball mill fitted with a continuous sifting device, or 
in a bolting mill, or ground direct in beater mills to a fine powder. The 
grinding of chrome greens, especially the lighter shades, between mill¬ 
stones is always risky, owing to the danger of the shade undergoing altera¬ 
tion if tlic stones get heated through lack of care in supervision. 

The difficulty of producing a good bright chrome green by the wet 
method has caused a large number of recipes to be brought out for avoiding 
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the rapid darkeninjj of the clirome yellow, thou^jh in most cases the ol)jeci 
is thwarted by llie prolraeled and complicated methods of workiu}} proposed, 
U is therefore belter to use the siin}>lest possible process, as bein^^ less 
likely to cause loss of time with its attendant evils. In all eases, however, 
tile jirocess will require careful attention, so as to prevent untoward 
incidents, or at least to minimise their detrimental effect. 

With regard to .vi7^ gmv/.v, these arc generally made on the same 
principle as the clirome greens, except that lilanc fixe is used instead of 
iiarytes. Commercial blanc fixe, however, is unsuitable for this purpose, 
since, even wlien the carrier has been brought into the state of distribution, 
the dried green (which is always made up into cones) exhibits on the surface 
of the fracture white specks of uncoloured blanc fixe thus of course 
lessening the value of the product. To avoid tins defect, it is better to 
make tlic blanc fixe on the premises, and thus obtain the finest possible 
state of division. Tor this purpose a solution of barium chloride, diluted to 
about H., must be precipitated with dilute sulphuric acid at C . 1 he 

barium sulphate ]ircei))itate is then washed free from acid with jmre cold 
W’ater, and the further treatment applied as mentioned for ebnmie green. 

In the jH'oduetion of silk greens the danger of the darkening ot the 
contained chrome yellow is far less imminent than with the ehnnne greens. 
Ihereforc, tiefore being shaped into cones the green jiaste can he kept, 
without any special care, over night or still longer, especially il lelt in the 
jiress, ami no risk of any considerable alteration need be feared. 


f. Zinc Green {/jin/cgrihi, Veri dc Zitu^ 

The so-called zinc greens share the popularity of chrome greens for 
outdoor use as oil pairits, on account of their hriglitncss coml)ined with 
cheapness, 'riu^y are colour mixtures of zinc chrome, barytes, and Prussian 
blue, and are made on similar lines to the chrome greens, except that the 
character of the zinc chromate replacing lead chromate in tlie mixture 
requires a somewhat longer mechanical treatment of the mixture. Hy the 
aid of ziuc chrome* and Prussian blue it is possible to obtain a very long 
scale of green shades from the lightest parrot green to the dee])est hlue- 
gieen. All these mixtures have a quite different tone to the chrome 
greens. I’hc latter are more inclined to olive green, and darken con¬ 
siderably in oil on account of the lemon shade of the lead chromate 
used; whereas the pure green shade of ziuc green (like emerald green) 
remains unclninged, as the zinc chrome is permanent. TIic covering power 
of zinc green, however, is far less Ilian that of chrome green. 

'Pile fastness of zinc green to liglit is good, and (as has been proved 1)y 
extensive trials) consitlerably greater than tliat ot chrome green of equal 
intensity. This striking property must he due to the zinc chrome, for since the 
game pigment, Prussian blue, is used in botli cases, and tlicre is no question 
of chemical combination in the merely mechanical process of mixing with the 
zinc or lead cliromafe, the decisive fact must necessarily be the greater 
fastness of the zinc yellow compared with lead chromate. This remarkable 

• If tlic pro}M)rHon of acid and potassium bichromate arc suitiibl.y changed 

two brands of zinc chrome for greens can be produced, one for bluish green, the other for 
rather yellowisli shades. [Tkans^atou.] 
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difference of the fastness to light can be tested by spreading samples of 
both pigments in the form of powder, and witli tlie same content of Prussian 
blue, side by side, on paper and exposing them to the light for a short time. 
The chrome green very soon turns a yellowish shade, wliereas the zinc green 
prej)ared with the same blue shows scarcely any change. 

The difference is still more evident when a light zinc green and a dark 
chrome green, containing more Prussian blue, are mixed witii oil and 
exposed to the light. No satisfactory cxjdaiiation has yet been given of 
this difference. 

On the other hand, zinc green, like cliromc green, is not fast to lime. 

A defect observed in zinc green as jraints, still more frerpiently than with 
chrome greens, is the so-called “ blueing” or “ running/' the paint becom¬ 
ing streaky and spotty, even on small surfaces. 

The “ blueing ” is due to the Prussian blue in the zinc chromes making 
its way to the surface of the paint, imparting a checkered appearance to the 
surface of tlie ccwiting, which is very seldom perfectly level. This appear¬ 
ance always occurs w'hen the specific gravity of the zinc green is too heavy, 
on account of faulty manufacture, so that tlie lighter and very finely 
diviiled Prussian blue in the paint se|)arates from the mixture. 

Zinc green oil paint dries very hard, if suitably primed ; it preserves' 
wood very well, and protects iron successfully against rust. 

The vianufuiiare of zinc green is simpler than that of chrome green, 
on account of the greater fastness of zinc yellow, 'i'here are in this case 
also two ways of obtaining bright products. Kither the zinc chrome whilst 
still in the tank {see pige 128) can be directly coloured with the Prussian 
blue, as described already for tlie clirome greens (sec page 248), or ihe 
materials, zinc vhroinc, Prussian blue, and hariftes, are mixed in the dry state 
in an edge-runner mill. Both methods give bright shades of zinc green, and 
the only difference is the longer lime taken by the first process tlian liy the 
dry grinding of the materials. 

To manufacture by the first method, the pasty zinc chrome must be 
diluted, after washing, witli the necessary quantity of barytes {determined 
by the desired price of the green) and a measured quantity of Prussian blue 
stirred up with water to a thin jiap, the whole being well mixed until no 
more uncoloured barytes or zinc chrome can be found in the mixlure. It 
is then filtered, tiie pasty colour in the filter being thoroughly worked 
through from time to time. After the mass has drained to at least the 
consistence of a stiff* paste, it is further mixed, either in a cone mill (Fig. 8), 
or, better still; a wet mill (Fig. fl), by which time nothing but the pure 
green sliade will appear in the mixture. The colour is then pressed, cut in 
pieces, and dried at about 50° C. In this manner eight to ten different 
brands of zinc green, lighter and darker, and containing more or less of 
barytes, can be produced at jirices that can be determined exactly. By 
mixing these various brands together in the dry state and adding barytes, 
zinc chrome, or Prussian blue, if necessary, in the edge-runner mill, it is 
possible to obtain a very long scale of zinc green shades corresponding to all 
requirements both in quality and price. This process, as already men¬ 
tioned, gives very Imndsonie greens, but takes up much time and room. It 
has also the defect that errors may arise in stirring the raw materials, and 
result in considerable loss. Hence the second method is preferable, since 
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in this case only three raw materials have to he consitlereiL-viz., zinc 
chrome, barytes,and Prussian blue—so that any considerable error in calcula¬ 
tion is precluded. Certainly an efiicient and fairly heavy edge-runner mill 
is a prime necessity for this process. 

'I'he mixing of the dry materials to obtain a special classification of pro¬ 
ducts must be effected on systematic lines. The first point is to obtJiin a 
certain number of cliemically pure grades of zinc green. I liese are jnepared 
by grinding zinc chrome and Prussian blue together, the gradation in shade 
being obtained by taking a stated (piuntity of zinc chrome and using pro¬ 
gressively increasing weights of Prussian bine, for instance, the very liglit 
are graded by increasing the Prussian blue by half a unit (of weight) in each 
case, the increase for medium sliades being 1 unit, and for the dark shades 
2 i to 5 units. The next series will then be manutactured by a further 
addition of barytes, to the extent, for instance, of 10 per cent, of the weight 
of zinc chrome; the third 25 per cent., the fourth 50, (iO, or 75 per cent.; 
the fifth 125 per cent, &c. In this manner a sufficiently varied range ot 
grades whl be obtained to enable almost any other makers’ brands to be 
matched, both in shade and ])rice. The mixing of the raw materials in the 
edge-runner mill must be continued until a perfectly uniform shade has been 
obtained. This can be tested by taking small samples of the mixture 
from time to time and spreading them out flat with a horn spatula on a small 
piece of white jiapcr. If the colour still contains particles ot Prussian lilue, 
visible to the unaided eye, the grinding cannot yet be considered as finished, 
.and must be continued until such particles have entirely disappeared, \\ hcn, 
however, a second grinding on a balance or beater mill is contemplated—as 
is mostly the case—the mixing on the edge-runner mill need not he carried 
so far, the other mills giving a thorough finish to the grinding. If balance- 
mills are used the stones must not he allowed to get too hot, or the green 
will become hot and the colour impaired. For this reason tlie l)eatCMiiiIls 
are often preferred to mill-stones for this purpose. . , . ■ n 

The sifting of zinc green is attended with certain difficulties, especially 
with the hetrer grades, U., those low in barytes, the meshes ot the sieve 
soon getting choked, so that finally the work has to he stopinul altogether 
Hence a thorough grinding is an essential preliminary to obtaining a perfect 

zinc green. , , . . 

Zinc greens have also, in many cases, to he made so as to match a given 
sample, hut as tl)e variety of shades is not nearly so large as with chrome 
greens, there is much less difficulty in obtaining the desired shade with u 

little practice. ^ n • 

Whilst in manufacturing zinc green by the wet method the same 1 russian 
blue can he used as for chrome greens, a dark brand of Milori blue (Chinese 
blue) is preferable for <lry mixing. This not only gives brighter shades, but 
can also be mixed much quicker with the other materials (barytes and zinc 
chrome), on account of its softer nature, than the more brittle dry Prussian blue. 
The use of Milori blue, which has about the same specifie gravity as the zmo 
chrome, minimises tlie danger of “blueing out,” provided a higli-class zinc 
chrome has lieen used. Under certain circumstances “blued barytes can also 
advantageously he employed for mixing (for the preparation ot this mineral 
see Chrome Greens), but the resulting greens are more liable to blue out 
when mixed with oil than any other brands of zinc green. 
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g. Permanent Green 

'rhe manufacture of permanent green is performed exclusively by the dry 
method, in precisely the same way as zinc green so far as the mechanical 
treatment of the materials is concerned. 'Ihe raw materials in this case are 
Guignet’s green, zinc chrome, and barytes. Tlie use of lead chromates instead 
of zinc chrome (entirely or only in part) is rare, such mixtures giving shades 
that are neither bright nor permanent. Pure permanent greens, or those 
containing only a very little barytes, are of a very bright shade, closely 
resembling emerald green, especially when mixed well in oil, but they are 
generally of only moderate covering power. 'I'he circumstance that Guignet’s 
green loses its brightness under protracted grinding naturally affects its 
treatment in making permanent green, for though the bright shade of the 
latter in oil may not be changed very much by extensive grinding, the dry 
greens always lack brightness, a defect naturally increased by the addition of 
barytes. Hence any excessive grinding of the permanent greens is always 
a risky step, wiien they are desired to look bright in the dry state. Perma¬ 
nent greens are very seldom used as distemper eoloiir.s, as they can be easily 
replaced by green aniline lakes, which are considerably brighter. Their 
application for other purposes, however—e.g., printing on cotton, wall-papers, 
ike .—usually entails very fine grinding, which therefore cannot always be 
avoided. 

Since neither the Guigiiet's green nor zinc chrome has good covering 
power, their j)ulverised mixtures (no imitter in what proportions) always 
form very loose powders very liable to throw off dust and increase the diffi¬ 
culty of their further treatment. To obviate this defect the mixture in t)ie 
edge-runner mill may be treated with any suitable binding medium - e.g , 
glycerin, mineral oil, &c.—which at the .same time brightens the appearance 
of the colour. The addition of these media cannot be considered as an adul¬ 
teration, since it really constitutes an improvement by preventing otherwise 
inevitable losses due to the formation of dust. 

The proportions in which the materials used for ])ern)aneut green can be 
mixed are more limited than for zinc green, as in this ease specially light 
shades alone have to be considered; and moreover, tlie use of barytes is 
restricted on account of the moderate covering power of the Guignet's 
green and zinc chrome. 

Hence only a few standard brands are generally kept stocked, and these 
are compounded mostly in three gradations—light, medium, and dark, two 
qualities of each. The following table may serve as a typical example : 



1. Grade (ohoijilcelly pure). 

11. Grade. 

Guignet's green 

Zinc chrome 
linrytes 

Lisiht. 

40 

60 

Modtiiui. 

60 

40 

Dark. 

80 

20 

o o o’,|. 

Mediuin. 

60 

40 ■ 

10 

Dtirk. 

60 

30 

10 


These proportions can, of course, be changed according to desire or 
taste, but it will soon be found in practice tlmt no very wide range is 
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feasible. To obtain pure green shades Guignet’s green should be pre¬ 
dominant in the mixture, on account of its inferior covering power, and 
therefore tlie variety of shade is limited. 

h. Olivo Green 

Within the last few years olive greens have come so much into favour, 
not only for wall-paper designs, but also for distemper and oil paints for 
interior and outdoor use, that one may almost speak of a “ mode colour ” in 
this connection. 'I'iie variety of olive shades is nearly unlimited, at least in 
a technical sense, .since it embraces all greenish tones, starting from very [)ale 
yellowish green, and extending through red, brown, and blue greens to the 
deepest dark green, furnishing a colour scale of a juaguitude not exceeded 
even by the lead chromates. 

As a basis for the purer brands of olive greens a dark chrome yellow is 
always used, which, on account of its higlicoverijig power, can l)e mixed with 
other colours inferior in tliis respect, and still furnish useful products for 
various kinds of paints, even thougli it forms only a very small part of the 
mixture. 

The purest olive green shades are obtaine<l by mixing dark lead 
chromate with Prussian blue. In proportion as the basic cliaracter of the 
chrome yellow increases the resulting olive greens, with the same (piantity 
of Prussian blue, become more reddish in tone, apjiearing fuller and less 
agreeable to the eye. Given a t'onstant (piantity and shade of ehronic 
yellow in the mixture, the lighter sliades of olive green are obtained liy 
gradually diminishing tiie (juaiitities of Ihaissian lilue, the converse procedure 
giving tile dark olive green shades. Even in this simple manner a very wide 
scale of tones is obtained, and this can be still furtiicr amjilified by using 
lead chromate of a gradually increasing basic diameter. Moreover, when 
the limits possible with a maximum of Prussian blue liavc been attained, a 
new and still more extensively graduated group can be obtained by adding 
certain quantities of black. Additional mo(lilicatioiis will result accord¬ 
ing to the brownish or bluish lone of the black itself, so tliat the number 
of olive green shades is practically unlimited, especially in view of the 
gradations imparted by the further addition of brown, red, and white of 
various shades to the original olive green mixtures. In this way tlie number 
of olive green shades can be increased to an extent that cannot be realised 
with any other group of colours. 

lo manufacture the olive green for outdoor and interior paints, the 
different kinds of black pigments, such as mineral black, Frankfurt black, 
ebony black, lamp black, &c., as well as the brown earth colours, raw and 
burnt umber, dark oebre, terra de Sienu, come under consideration, whilst 
as a white diluent barytes is almost exclusively used. Of the blue colours 
Prussian blue is chiefly used, more rarely ultramarine blue. Naturally, 
too, the faulty chrome greens that have changed colour, and defective 
batches of zinc greens too, can be utilised for making various shades of 
olive green. 

On account of tlieir great variety the matching of olive green samples 
requires thorougli knowledge of the effects obtainable by mixing together 
the above mentioned mineral and earth colours, and therefore the possession 
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of an acute sense of colour and great skill. Otherwise it may easily happen 
that the exact matching of a given sample may take days or even weeks, 
unless a happy accident supervenes to shorten the task. 


Manganese Green. —A certain number of manganese compounds are known 
as green pigments, but are very little used, 

Ca.fsel green {RosenMichl green) is produced by heating a mixture of 
manganese oxide or manganese nitrate with barium nitrate. A mixture of 
manganese carbonate, manganese peroxide, and barium peroxide is some¬ 
times used as well. The heating of the mixture must not be pushed so far 
as to melt the mass. 

Bdiiger treats manganese peroxide and potassium nitrate with fused 
alkali, manganese chlorate being obtained, a salt forming a green solution 
in water. This solution is precipitated by barium nitrate, whereby barium 
manganate is obtained as a violet mass. The W’ashed and dried precipitate 
is then mixed with barium hydroxide and heated afterwards, the heated 
product assuming a pure green colour. It must then be washed with water 
and treated further 

Clei'mont uses manganese sulphide as a green colour. I’ure manganous 
oxide, obtained by precipitating manganese sulphate with soda, followed by 
calcination, can also be used as a green colour. 


RED MINERAL COLOURS 

A certain number of red coloured inorganic compoumls suitable as 
pigments have been known from the earliest times. At present, however, 
only three of these colours are practically used. These are red lead, 
vemiilion, and chrome red. Whereas the first-named two pigments have 
been used in practice for many centuries—vermilion was known to the 
ancients—the manufacture of chrome red is of recent date, viz., since the 
discovery of chrome and the properties of its compounds. The other red 
mineral colours are now rarely found in commerce, and only in small 
quantities, so that they are of merely scientific interest. They will there¬ 
fore be only briefly mentioned here. 

Of the above red mineral colours, red lead, being cheaply produced, 
is very much used for paint, and is therefore manufactured on a large 
scale. Its extensive application, however, is less due to its bright shade 
than to its capacity for giving with varnish an extremely hard and tough 
coating, which greatly preserves iron and wood. The application of vennilion 
is less extensive. Vermilion, as a mercury compound, is very dear—the 
dearest mineral colour known—and therefore is not used for ordinary paints, 
its poisonous properties, moreover, precluding its more general employment. 
Chrome red has considerably declined in popularity during the last few 
years, owing to its relatively liigh cost of production and low covering 
power, especially in the darker shades, which are of a more crystalline 
character. It has also a low power of resisting externalinfluences. 

A still more potent cause for the decline of the red mineral colours is 
the development of the coAl-tar colour industry, which has put op the 



THE RED MINERAL COLOURS 257 

market a large number of red organic colours that can be made up in a very 
simple manner as equivalent substitutes for chrome red and the dearer 
vermilion. These colours, which will be described later on with the aniline 
lakes, are not only made more cheaply and with greater certainty, but they 
are also generally brighter, fast to liglit and lime, and of a higher covering 
power, without possessing any properties detrimental to paints compoundetl 
with oil or varnish. 

The red mineral colours may be divided into the following groups: 
a. Red Lead Colours 

Red Lead (Minium), an oxidation product of lead, has the formula Rb/)^ 
(or Pl>,0.). 

Chrome Red, basic lead chromate, has the formula Pb 2 (OH)^CrO^. 
h. Red Mereuri/ Colours 

rermilinn, mercury sulphide, HgS, a c()mj>ound of mercury and sulphur. 

Scarlet {hnlHanl scarlet), mercury iodide, Hgl^. 

Mercury Chromate, Hg,,Cr0^v 

c. Red Copper Colours 

Copper ferroiyanide, Cu^FeCy,. 

d. Red Antimony Colours 

Antimony Vermilion, antimony oxysulphidc, SbgS/)^. 

e. Red Cobalt Colours 

Cobalt Pink {Magnesia Pink). 


a. BED LEAD COLOURS 
Red Lead (Minium, Mermigc) 

Red lead is known in the trade in two different brands, of deep orange 
to scarlet red .shade. The lighter and at tlie same time finer brand is the 
so-called orange lead (Paris red, Goldsatinnober, &c.); the darker one (of a 
pronounced crystalline character) is known as true red lead (or crystallmennige). 
This latter brand is of less value than the orange red, and is always lower in 
price. 

The manufacture of red lead was formerly confined to England. In the 
last five years, however, Germany also manufactures red lead on a very 
large scale. The most important centres of the industry there are Saxony 
and Bavaria, but especially Cologne. 

Red lead is obtained by heating lead oxide PbO (massicot) in presence 
of air. According to its chemical composition, red l^ad is a higher stage 
of oxidation of metallic lead, the formula being Pb^O^. On account of its 
cb^fftcterfstic behaviour tpwajrd pitric acid, red lead must be regarded as a 

R 
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combination of lead peroxide with lead oxide. On treating red lead with 
that acid it is converted into lead nitrate, a deep brown insoluble lead 
peroxide remaining behind. After j)rolonged heating with an excess of 
nitric acid and an addition of alcohol, this residue is also converted into lead 
nitrate, the alcohol being reduced to ethyl aldehyde. 

I»b,0, = 2PbO, PbO, 

Lead oxide, lead peroxide. 

2 PbO, PbO, + 4 HNO 3 == 2Pb(N03), + PbO, + 2H,0. 

Nitric acid Lead nitrate Lead peroxide 

PbO, + 2 HNO 3 + CH 3 ,CH,(On) - P^NO^), + CH„COH + SH^O. 

Alcohol AJiiehyde 

The behaviour of the alcohol during this process can be utilised in testing 
for any insoluble adulterants in red lead, such, for instance, as barytes, 
brick-dust, &c. 

In accordance with its (theoretically) simple process of formation, red lead 
is manufactured by two methods differing little from one another—in fact, 
the difference exists only in the production of lead oxide from different raw 
materials; metallic lead and basic lead carbonate (lead white), or latterly 
lead sulphate as well. The chemical reaction of the conversion of the lead 
oxide into red lead is absolutely the same in both cases, except that the 
different construction of the oxidising furnaces sometimes necessitates a 
modification of the mechanical treatment employed. 

The manufacture of the red lead is therefore divided into two special 
stages: 

(1) Preparing the lead oxide, and 

(2) Converting this product into the next higher stage of oxidation, 
according to the formula PbjO^ (or Pb^Oj). 

As already mentioned, there are two modifications of the red oxide of 
lead with the same chemical composition PbO, but of different shades, and 
sometimes of quite different behaviour too. The one modification, of a more 
reddish shade, is the already mentioned litharge ; the other, of a more or less 
pale yellow shade, is known as massicot. Before the various chrome yellows 
were introduced, the latter had a considerable vogue as a material for j)aint, 
and was invariably obtained by heating white lead, which at a high tem- 
}>erature loses its water of hydration and carbonic acid, massicot being left as 


a soft, pale yellow powder. 



2 PbCO„ Pb(OH), = 

SPbO 

+ 2CO, + H,0. 

White lead 

Massicot 

Carbonic acid 


At present the production of massicot, technically called dwss or casings 
is effected by heating metallic lead in a reverberatory furnace, the cost 
being much less than the white lead process. In the fused state it forms a 
glass-like mass, the so-called lead-ghss. Litharge is obtained as a by-product 
in the metallurgical treatment of silver, and must be considered as fused, 
crystalline lead oxide, requiring to be ground in ord^^r tp furnish the com* 
mercial powder form. 
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This form of litharge is not suitable for tlie manufacture of red lead, since 
it cannot be further oxidised. Tlie names litharge and massicot therefore 
indicate two quite different trade products, and tim statement in old text¬ 
books, &c., that litharge forms the raw material for the manufacture of red 
lead, is contradictor}'. 

The manufacture of red lead is less difficult than is generally believed. 
With projier attention a favourable result may be expected in most cases if 
pure lead be always used and the first operation, the so-called “ dressing," is 
carried out properly. The purer, softer, and finer the state of division of 
this product, the quicker and more certain will be the formation of a perfect 
red lead. 

The ojddation of the vielaUic lead lo^droax *'—the so-called drussing —is 
performed in specially constructed reverberatory furnaces, the shape and 
dimensions of which depend on the si/e of this branch of the works. The 
chief object of the various kinds of these furnaces (nearly all of English 
origin) is, of course, to facilitate to the utmost the effect of the atmospheric 
oxygen on the molten lead, so as to shorten the process, work up the whole 
of the lead, and enable the work to be done with large charges of that 
metal. Owing to the obvious difficulty of combining these conditions in 
a single furnace, such a number of types have been proposed that it is by no 
means easy to ascertain which of them is really useful. A type of <lrossing 
furnace is represented in Figs. 7.‘1 and 74, which will explain the technical 
work of the “dressing ” process, so as to enable the reader to form an opinion 
on the utility of other varieties of furnace. 

In the largest works, too, at present, separate furnaces are used for the 
“dressing process’’and the subsequent calcining process. It therefore seems 
evident that the endeavour to construct furnaces for serving both purposes 
has not been successful. 

The “dressing” furnace is, as already mentioned, of the rever¬ 
beratory type. Since it is intended to hold a large quantity of molten 
lead, which must be kept continually stirred, the furnace bed is trough¬ 
shaped and either elliptical or rectangular. The latter form seems to be 
more advantageous, since it is most used in practice. In the majority of 
cases the bed or hearth is covered with a strong arch, j)rovided with a 
covering lagging of insulating material (ashes, sand, iS:c.) to prevent loss of 
heat, and topped by a level roof. The heat is generated in two fireplaces 
on either side of the bed, and in such a way that the ffanie passes over the 
molten lead in the furnace bed and laves all the surface of the vault. 
The fuel gases and the other gases and vapours liberated in the oxidising 
process pass off through a flue over the vault leading to the main chimney. 
The fireplaces may be provided with barsorhequite plain,and the arrangement 
in this respect, though it makes little difference to the heating effect ob¬ 
tained, has a considerable influence on the choice of fuel, the use of fire-bars 
enabling smaller coal to be burned. The fireplaces extend right along the 
side of the furnace, and are bounded by low walls on the side next the 
bed. The bed is generally about 12 in. deep in the middle, the sides 
being gently sloped outward all the way round. This arrangement is very 
important, and its purpose will he explained later. The front side of the 
furnace has three doors: the two side ones are for stoking the fires, while 
the centre door is for charging and emptying the furnace as well as for working 
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the charge during the process. The air needed for oxidising the lead is 
supplied in a very simple way. Ihe top part of the centre door, which is 
placed a little higher than the two side doors, is left open (or preferably 
covered with a damper). In the free space between the door and the 
furnace bed is a rectangular opening, through which the crude dross " can 


Fig. 73. 



be discharged into iron tanks underneath. To prevent any dissemination 
of dust, viz., any inconvenience to the work-people in this operation, the 
hollow space where collecting tanks arc contained is closed by an iron door. 
The ‘Mross” being specifically heavy, it is suitable, in view of the large 
quantities to be handled, to use wheeled tanks running on rails as described 
in Fig. 73. 

I'Tiese arrangements are common to all ^‘drossing” furnaces, and any 
modifications that may exist will refer merely to points of detail. 

grossing " with such u furpace is a fairly simple process, 'the furnace 
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being raised to a dull red beat, the charge of metal is inserted. The molten 
lead is prevented from flowing out of the furnace by a dam, formed of pieces of 
dross or leavings ” from previous batches, lai<l across the front of the bed. 
The molten lead becomes rapidly coated with a layer of oxide, the formation 
()f which is hast<Mied by raking tin* snpi'rlicial layer of oxide to the front end 
of the furnact* on to the bridge, tin* ol)jecl being to always hav(‘ a fresh 
s!irface, (d’ lead (‘xposed to the ()xidising actioji of the air passing through 
the furnace. At intervals pigs of lead are thrown into the furnace. 1‘his 
“drossing” procc'ss takes about 10-12 hours, at the end of w'hieh time the 
dam across the front of the furmice is broken down and the unoxidised lead 


Kirs. 71. 



jillowed to run out, while the “ dross ” (the “ casing ”) is taken out to be 
worked for the next stage. The furnace is then ready for a fresh charge, 
A dull red heat must not be exceeded in any csise. The rakes for working 
the lead must of course be of iron and of a length corresponding to the dimen¬ 
sions of the furnsicc. The rakes being in most cases too heavy for one man 
to hold very long, they are generally suspended by a strong chain at the 
front side of the i'urnace, generally hanging from a movable crane in the front 
end of the furnace, the whole forming a kind of lever and enabling the 
raking to be done without much trouble. 

Generally about one sixth of the charge remains unoxidised for working 
with the next batch. 

The “ dross” forms a rather loose pale yellow to greenish yellow mass, and 
cannot be treated further in this state, but must first be made into a thin 
paste and ground, in order to separate the “ dross” from the final traces of 
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adherent lead and get it into the best condition for the calcining process, 
I.C., into the finest possible state of division, since on this depends not only 
the brightness and shade of the resulting red lead, but also its covering 
power and other important properties. 

The high specific gravity and the loose nature of the dross facilitate the 
combination of the washing and grinding processes. Wet mills (Fig. 9), 
fitted with hopper and feeding jig (like balance-mills), are used, and the 
whole set of mills discharge into a common collecting tank. 'J'he dross” 


Fio. 7.'). 



coming out of the furnace is washed with a stream of water to minimise the 
formation of dust in the working process, and is then ground immediately. 

'I’he wet mills are mounted, as described on p. 24, in rows of four. 
The collecting tank is fitted with a mechanical stirring apparatus driven 
from the mill shafting. From this tank the dross" is transferred to a 
large wooden vat to settle down free from all residual lead. The arrange¬ 
ment of the whole plant enables the work to be carried on with a continual 
stream of water, thus simplifying and accelerating the task considerably. 

i'he washing process is briefly as follows: The mills being charged with 
the dross," the stones are set going, and a thin stream of water is admitted 
to each mill. The thin paste issuing from the mill runs down continually 
into a gutter wherein a considerable portion of the residual metallic lead 
will settle, together with the coarser particles of the dross " ; consequently, 
in order to prevent obstruction, a thin stream of water is run into the gutter 























THE RED MIN’ERAL COLOURS 263 

from lime lo lime, to flu.^h the adherent partieles of dross” into ihe tank. 
I'he latter is shallow, to facilitate placing it in position under the mills ai!(l 
to accelerate the flow of the finely ground particles into the settling lank. 
The coarser particles of the “dross” and the metallic admixtures remain in 
the collector, whilst the finer and the finest particles run through an open¬ 
ing at the side into ihe settling tank. This latter, of course, must be 
placed at a still lower level. When it is filled up completely and no other 
is at disposal, the work must of course be interrupted until the “dross” 
has entirely settled down, which, however, generally takes only a very short 


Kio. 76. 



time. Tlie top li(|uor is syphoned off, and the operations are repeated until 
the whole stock of “ dross ” is worked. 

'I'he collected residues, coarse “dross” and granules of metallic lead, 
amounting to 10 to 2.') per cent, of the weight of the “dross,” are dried and 
oxidised over again. 

The washed “dross” is afterwards filtered, dried, and in most manufac¬ 
tories is ground dry to a very fine jwwder in e<lge runner mills. 

In large works the washing process can, of course, be performed in various 
other ways, according to the local conditions, and, in fact, nearly all English 
red lead works have their own special systems. 

Experience teaches that a bright red lead is unobtainable if the flame 
comes into direct contact with the product. 'I'herefore in well-managed 
works a kind of muffle furnace is now used for the calcining operation. This 
plan, which was recommended by Mercier, is illustrated in Eigs. 75 and 76. 

The furnace consists principally of a roomy muffle, A, heated by two 
fireplaces, B, B. The bed of the muffle is made of large earthenware plates 
so as to be perfectly even. Below, and exactly in the middle of the hearth, 
is a strong wall, M, extending from front to back, supporting the hearth 
plates and dividing the space below into equal channels, C, C, forming a 
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coiiliniiation of tlie fireplaces. Tlie mofflc is covered with a vault 4j la ins. 
thick supported by sironj; side walls, /), I). K represents the outside wall. 
This furn.ice has the advantage of needing fewer repairs than older lyj)es. 
To accelerate the calcining process, the side walls and the vault of the furnace 
must be bathed by the heat, for which purpose flues are arranged between 
the side plates of the muffle and the outside walls, connected with the flues 
r, C, and leading the gases through the openings F, F, into the hollow 
space (t, G, between the vault J of the muffle and the outside wall A'. 
From here the gases pass away directly into the main chimney. As can 
be easily seen, the red lead muffle furnace is very similar in its interior 
arrangement to the ultramarine furnace or the retort furnace used for 
Ouignet’s green; only it is of much larger dimensions, and must tlieiaTore 
be more strongly built. 

The red lead furnace is charged and emptied, through the opening 
//, or when the quicker handling of large quantities is in question by special 
arrangements for each operation, as shown iii the figure. For greater con¬ 
venience the opening 0 is arranged in the vaultand is closed during 
the heating process by the small damper SS. In charging the muffle the 
dross ” is put in through the opening 0, and as it falls on the hearth it is 
spread out to a depth of about an inch by means of an iron crook inserted 
tlirough the opening //. The furnace is emptied by raking the charge out 
through the opening F, where it falls into a small truck in the chamber U. 
This truck runs on rails, and conveys the red lead into the rooms where the 
further treatment is carried on. The opening V is closed by means of a cast 
iron ])Iate. 

'i'ho supply of atmospheric air, which also serves in this case as the 
oxidising agent, is admitted by the two small openings T, T', to the rear 
the muffle, in such a way that the draught always flows from tlie front to 
the hack. For tliis purpose the doors of the openings //, II. arc fitted witli 
movable sliding shutters, a little lower down than the two projections 'I\ T'. 
Round or rectangular openings, A', A’ (Fig. 77), are sometimes arranged on 
either sitle of the working door for the .same purpose. 

Under the powerful draught inevitable in the muffle certain quantities 
of the dross’” may he carried away past projections T, T', and he lost 
For collecting this dust the projections T, T’, communicate with an iron 
vessel Ky let in the ground to collect the dross” thus carried off 
through Ty T. 

Tltese red lead furnaces are most easily worked in the following way. 
Tlie muffle Iiaving been brought to the proper temperature, ie., somewhat 
below a dull red heat, the charge of dross ” is admitted. 

The mass is spread in a uniform layer all over the hearth of the muffle, 
special care being taken to prevent “balling” of the massicot—a condition that 
easily occurs in consequence of the sintering of the lead oxide wlien the tem¬ 
perature has risen too high. I’he resulting red lead would also be lumpy and 
require screening, the calcined product being also less bright and of lower 
value. Under careless management the “balling” of the red lead may 
proceed so far as to necessitate regrinding, which impairs the brightness to 
an even greater extent. The foregoing statements indicate that too much 
care cannot be taken in mainUining the right temperature. 

When the charge is all in, the openings //, //, and the funnel-opening 0 
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are closed, aiul the neccssarv draught set up. Care lias to he takiui that 
too much draught is avoided, as this always jiroducos a cotisidcrahle loss 
of massicot. Once the necessary draught has been secured, there will 
then be no need to shift the dampers again, unless the temperature has 
risen too high and necessitates the sudden opening of all the dampers and 
plates. For this reason it is advisable to close the openings If, If, not witli 
loose liricks, but by strong iron doors, since these can be opened and the 
furnace oooletl more quickly in the event of an overheated muffle. 

Fio. 77. 


The chemical reaction of the muffle proceeds, according to experience, at 
cei*t‘iin definite temperatures, whereby an excess of air has no influence at 
all. A strong draught, therefore, will not affect the reaction, whilst it affords 
a means of keeping the muffle temperature at the proper limit. 

On the other hand, an insufficient supply of air is always prejudicial, 
not only by retarding the whole oxidising process, but also from the danger 
it entails of overheating the muffle, and consequently of the aforesaid 
injurious “ balling ” of the charge. 

The duration of the calcining process depends on the purity and the 
fineness of the dross” used. Under favourable conditions of material and 
management the calcining process is independent of the dimensions of the 
muffle, and will generally he finished in twelve to fifteen hours, hut may 
also take twenty to twenty-five hours. The duration of the calcining 
process, however, seems to have little influence on tlie brightness of the 
product, provided all the necessary conditions have been observed. The 
oxidation can be accelerated by employing hot air. 





266 COLOUn MAKUi?ACTURE 

The oxidising process may be considered to be finished when samples 
taken from different parts of the furnace no longer show any increase in the 
brightness of tlie red lead. 11ns being the case, the muffle can be emptied. 
If all these operations have been performed according to the prescriptions 
given above, and especially if a real first-class dross " has been used, the 
resulting red lead will form, on cooling, a uniform powder with regard to 
fineness and shade. I’he product, however, must be resifted if any lumps 
are noticeable. The sifting will in this case be performed in such a way as to 
protect the red lead crystals, and therefore the machines used for this purpose 
must be selected carefully. According to experience, large ball-mills with 
continuous sifting devices are the best, since by reason of the density of the 
red lead they will sift it properly, even without using the balls, provided a 
fairly good calcination product is taken. The rotation of the machine soon 
breaks down the lumps by their own weight without injuring the crystals, 
a speed of at least 40 to ,'50 revs, per minute being necessary to secure this 
result. 

The red lead, prepared from metallic lead as described, is sometimes, 
especially in Germany, called crusial red lead, and being cheaper, is more 
largely used than the brighter and finer orange lead. It is chiefly used as 
an oil paint for iron pipes, machinery, vessels, : also for painting wood 
that is constantly exposed to moisture—eg,, barrels, vats, tanks, &c. The 
property of red lead to form with linseetl oil paints that dry very quickly 
and extremely hard explains its great advantages atid extensive applica¬ 
tion. Another well-known use for red lead is as a packing for tightening 
joints, &c. 

Orajige lead is- always manufactured by calcining powdered white lead. 
As already mentioned, white lead decomposes at higlier temperature to 
lead oxide (dross), carbonic acid, and water, tliese latter escaping as vapi ur. 
The dross” is then oxidised, .as is done in the manufacture of red lead. 
Owing to the purer quality of the wliite lead the resulting dross is of perfect 
quality, and therefoie needs no preparation before being worked up into 
orange lead. The manufacture of the orange lead is therefore performed in 
a single stage directly from the white lead, exactly as mentioned for (crystal) 
red lead, and in the same furnaces (Figs. 75, 76, and 77). 

The furnace is, however, somewhat modified, the muffle A being connected 
directly with the chimney by an iron pi|)e provided with a device for 
regulating the draught. Tins enables the considerable quantities of carbonic 
acid and water vapour to escape during the decompositiem of the white lead, 
without unduly cooling the furnace. 

The shade of the white lead to manufacture orange lead seems to have 
but little influence on the brightness of the resulting product. Therefore 
the manufacturers prefer using white lead that is not quite pure enough in 
shade for use in paint. Whether the white lead has been manufactured 
on the Dutch, German, or French method is also immaterial. Neutral 
lead carbonate too, PbCOj, furnishes a good product when heated with 
sodium nitrate at red heat (see p. 267). 

The only other inorganic lead salt suitable for making red lead is lead sul¬ 
phate, on account o( its low price ; but this consideration is outweighed by the 
more troublesome method of treatment involved, a fact which probably ex¬ 
plains why this alternative material is now very little used. The process is 
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briefly as follows: Commercial lead sulphate is sold in the form of a more or 
less stiff paste, and always contains a lar^e quantity ol impurities, viz., acetic 
acid, aluminium sulphate, aluminium hydroxide, sand, &c., from which it has 
to be freed before use. The acetic acid and aluminium sulphate arc easily 
eliminated by washing with water; the mechanical impurities, sand, particles 
of wood, &c., can be removed by pjissing the thin pap of sulphate through a 
fine silk sieve, 'fhe admixed aiuminiuni hydroxide, about il per cent, or 
more, cannot be easily eliminated, and generally remains in the mass, on 
account of the high cost of suitable treatment. 1 he pure lead sulphate is 
then dried and ground to a fine powder. 

The conversion of the lead sulphate into red lead is effected by the aid 
of sodium carbonate and sodium nitrate in such a way that sodium sulphate 
and lead carbonate are formed, the latter being oxidised by the sodium 
nitrate to red lead, PbjO^, with escape of carbonic acid. The chemical 
reaction occurring at about dull red heat is exj>ressetl by the following 
equation : 

hPbSO, + 6Na,CO;, - (iPbCO, + (iSafi O, 

Lead stilpiiato SothT Lead carlionate Sodium flulpliate. 

CPbCO, + ^^XaNO., = 2Pb.(\ + 600, + 2NaNO, 

Tiftad carbonate Sodium nitrate Ked lead ('arb<jnio aidd Sodium nitrite. 

The proportions are 110 parts of dry lead sulphate, 3.0 calcined soda, 
S‘3 of sodium nitrate. pjxperieiiec shows, however, an excess of the 
sodium nitrate gives a better product. The smelt consists of a mixture of 
red lead, sodium sulphate, and sodium nitrate, besides variable quantities of 
undecomposed nitrate. These tiiree latter salts are removed by leaching 
with cold water, the red lead being afterwards filtered and dried. Ihe red 
lead obLiined by this method is a dark orange, soft, and very bright powder 
of good covering power. Unfortunately this method is profitable only when 
the resulting liquors can he treated for the recovery of their contents, which 
can seldom be done. 

Chrome Red 

The formation of chrome red, the most basic lead chromate, was briefly 
mentioned in discussing orange chrome. Referring to the chemical equa¬ 
tions given on p. 144 to explain the composilion of the basic lead chromates 
and their method of formation, the production of chrome red can be 
expressed by the following equation, the quantity of lead oxide in the basic 
lead acetate being taken as N = 1 : 

Pb(C,H,0,)„ PhO + K,CrO, + H,0 = Pb,(On),CrO, + 

Basic lead acetate Potassium Clirome red Potassium acetate, 

monochromate 

In the manufacture of chrome reel according to this equation the basic 
lead acetate must be made from a saturated solution of litharge in acetic 
acid, or by dissolving litharge in neutral lead acetate (59:100), and 
precipitating the boiling solution with a calculated quantity of potassium 
, inonochromate. On a large scale the process is by no means cheap, and the 
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product lucks brightness. The same is the ease if the basic lead salts 
obtainable by treating neutral lead acetate with caustic alkalies are treated 
in the same way. Tlic entire loss of tlie acetic acid also makes the process 
expensive. This is shown by the following eejuation : 

1. 2IM)(CJ1.,0.,), + iNaOIl - 2lM>(OIIX, t iNaCJ^), 

><<ui(nil IfinI soila Livid hydroxidt; Sodiiuii acidali*. 

2. 2P1)(()I1X + K/;r(), - \\{OH)fA<\ + 2K()H 

(diroine red (-ansMe potash. 

'I’he whole of the acetic acid is lost as sodium acetate left in solution, 
while the chrome red remains as a heavy precipitate. 

The process becomes more advantageous if, instead of the costly lead 
acetate, the basic carbonate (white lead), which is rich in lead oxide, is taken. 
On treating white lead witli neutral potassium chromate at 100 it is 
entirely converted into a bright red basic lead chromate. The chemical re¬ 
action probably consists In two molecules of basic carbonate being decomposed 
by the monochromate to four molecules of neutral lead chromate, four mole¬ 
cules of potassium carbonate, and two molecules of lead liydroxide. By the aid 
of one molecule of potassium carbonate and water the neutral lead i-hromate 
is converted into the basic form, carbonic acid being liberated. Basie lead 
chromate falls down to the bottom as a dense precipitate,and the top liquor 
contains three moicculesof potassium carbonate and one molecule of potassium 
morjochromate abstracted from the neutral bichromate according to the 
eijuation : 

1. 2(2FbaX.Bb(()II),) + 4K/:r(), - 4PbCrO, + 2Pb(OH),. + fK/X), 

White lead Neiiti-al lead tjefid liydroxide Potassium 

oh romat o carbonate. 

2. |.FbCr(X + 2Pl)(OlI)^ d- K.^a\ + [1,0 - 3Pb,(0U),Cr(), + K,CrO, + CO,. 

(dironie rod 

That the chemical process really goes on in this manner can be seen by 
the changing colour of the mixture from the beginning to the final chrome 
red. The light yellow shade of the neutral lead cliromate changes very 
rapidly at the high temperature to the dark orange chrome, and finally to 
the characteristic red of the pure basic lead ebromate. 

If the basic lead chloride (the preparation of which has been described 
on p. 133) be also taken into consideration, the manufacture of chrome red 
can be performed by the following methods: 

{a) Precipitation of di-basic lead acetate with potassium mouochromate. 

{!}) Decomposition of the neutral lead acetate with caustic alkali, and 
treating the resulting lead hydroxide with potassium monochromate. 

(c) Treating the basic lead carbonate with potassium monochromatc. 

{d) From basic lead chloride with potassium monochromate or bichromate. 

(e) Digesting the neutral or partly basic lead chromate (orange chrome) 
with caustic alkali (indirect method). 

The methods a, h, and c are mostly out of use, and will therefore be only 
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briefly discussed, since occasion for their use may jyise in practice under 
certain circumstances. 

Some tjeneral rules may be j;iven here for beginners. 

First of all, the quantity of u-ater used in the process is a matter of the 
greatest imj>ortance with regard to the brightness of the chrome red, since as a 
decidedly crystalline body it will come out the lighter in shade the smaller 
the quantity of water used. To obtain a distinct shade {a matter depending 
entirely on the fineness of the crystals), the same quantity of water must 
always be taken, an allowance being made for the increase in the v»)liime of 
the liquid by the condensed steam. 

A frc(juent interruption of tlie erystallisatioji naturally disturbs the for¬ 
mation of the crystals, and therefore all superfluous stirring must be avoided 
during the manufacturing operations. A thorough mixing of the mass is 
only elfeeted if absolutely necessary. Resides, the steam introduced into the 
liquid during tiie whole of tlie jirocess causes sidllcicnt motion, which also 
can be regulated by adjusting the steam valve according to requirements, 
hi view, however, of this twofold efi’ect of the steam, the steam pipes 
must be properly arranged. For instance, the steam must not be admitted 
into tin* tank from above, even if the pipe is led down to the bottom 
of the tank, since a considerable part of the rather heavy materials and 
jirecijiitales may settle down on the periphery and be tlierefore excluded 
from decomposition. The reaction tanks must therefore be of such a form 
tliat the steam can be introduced into the middle of the bottom from below, 
ami consequently a conical shape will be most suitable for the lank. The 
ascending steam keeps the liquid in constant motion, whilst tlie (amical 
slnqie of the bottom precludes any premature deposition of tlie j)recipitates. 

A further condition for obtaining satisfactory results is to operate at 
boiling heat, this being essential to the complete formation of the chrome. 
Low temperatures always result in a very fine-grained and therefore less 
bright ]irodu(“t, similar to orange chrome. 'I'he same also occurs when the 
materials, eg,, white lead, orange chrome, ike., are not in a suflieiently fine 
state of division; they must therefore be mixed to a thin paste before use, 
or enij)loyed in a freslily precipitated state. 


'i'he Manufatiure of C/trotnc Ued from fVhile Lead 

'I’his proce.ss, by reason of its simjilicity and reliability, is the one mostly 
used at present. On a small scale, for trial purposes, it may be carried out in 
tlie following manner. A small quantity of white lead in the state of paste 
corresponding to about 4f) grins, of dry product is triturated with aliout 
^^0 cc. of water in a mortar. The thin liquid mass is then poured into a 
strongly boiling solution of neutral potassium chromate without any stirring. 
This solution is prepared by dissolving 14 gnns, of potassium bichromate in 
500 cc. of water and neutralising with 13*5 grms. of crystallised soda (free 
from sulphate). I’he white lead being added, the mixture is allowed to boil 
strongly until it attains a deep violet shade (which takes about 8-10 minutes), 
'llie vessel is then taken away from the fire. I’lie precipitate settles <lown 
very quickly ; tlie yellow coloured top liquor is removed, and the colour is 
washed twice or three times with boiling water. Tlie resulting rather dull 
looking product cannot yet be used as a pigment, but must be treatetj 
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further with dilute sulphuric acid for conversion into true chrome red. For 
this purfwse an acid obtained by mixing one |)art of concentrated sulphuric 
acid (sp. gr. 1 8426) with 10 parts of water is preferably used, 4 per cent, 
of the weiglit of tlie dry chrome red being usually taken. The acid is added 
slowly to the cold precipitate with constant stirring, whereupon the mass 
effervesces and turns bright red. To prevent the reaction extending to the 
formation of neutral lead chromate by an excessive addition of acid, the 

excess of acid must be 
neutralised with a dilute 
solution of soda, when the 
highest degree of bright¬ 
ness has been attained. 
It must be washed several 
times until the washings 
show a neutral reaction. 
The resulting very bright, 
dark red product consists 
of a mixture of basic lead 
chromate with very small 
(juantities of lead sul¬ 
phate of no influence 
upon the shade. The 
yield is about equal to 
the weight of the original 
dry white lead. 

On a large scale the 
chemical process takes 
place in exactly the same 
manner. 4'Iie vessel used 
for preparing the potas¬ 
sium monochromate, and 
the chrome red as well, 
consists of tw o parts (see 
Fig. 78), the cylinder C 
and the cone B fitting 
together water tight in 
the line AD. 1 he apparatus is made of strongly galvanised sheet-iron 
lagged with wood. At the apex of the cone is the cock E, by the aid of 
which the precipitation product is run off into the tank F underneath, to 
be washed and treated with dilute sulphuric acid. The steam pipe R is 
introduced at G, and the flow of steam is regulated by the valve H. The 
valve J serves to cut off the steam quickly if the liquor in the apjwratus 
should froth over owing to the violence of the reaction. 

The apparatus should contain about 550 to 650 galls., and is mounted in 
such a way that all operations can be carried on quickly and effectually. 

The manufacture of dark chrome red is now performed in the following 
manner: 220 galls, of water are raised to boiling in the apparatus by means 
of steam, and 62 lbs. of |>otassium bichromate are added and carefully 
neutralised with 59 lbs. of crystallised soda. This latter must be added dry 
and in small quantities at a lime, to prevent frothing over caused' by the 


Fig. 78. 
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excessive liberation of carbonic acid. The end of the neutralisation can be 
very easily observed by the cessation of bubbles in the liquid. Steam is then 
turned on again^ carefully at first, until at last the liquid boils, to ex|Hd the 
last traces of the carbon dioxide. The liquor being again at the boil, and 
in suitable motion, the thin ptiste of white load (215^ lbs. of dry substjince), 
previously ground with 55 galls, of water in an edge-runner mill, i.s added as 
gently as possible to the boiling solution of chromate, whereupon the chemical 
reaction is manifested by the immediate appearance of the orange red shade 
of the basic carbonate. With a little practice the progress and the end of the 
manufacturing process can be gauged by this gradual change of colour. 
No distinct rules can be given, much depending on contingencies, such, for in¬ 
stance, as the uniform admission of the steam, the method of adding the white 
lead (gradually or all at once), &c. If the whole operation has been proj)erly 
carric<l out, the end can easily be judged by the dark red to violet colour of 
the mass; and at this |K>int the decomposition product maybe removed into 
the tank F. Should any irregularity occur dtiring the process, the dark red 
to violet colour will not be formed, even after boiling for some hours, and 
the resulting chrome red will always be very pale in colour. 

The removal of the product always needs special skill and experience, 
and therefore only an experienced man should he entrusted with this task. 
In consequence of its high sj)ecific gravity, the chrome red settles down very 
quickly on the cone, whereby the cock E very easily gets choked up. When 
this occurs it will have to he cleared by means of a stout iron wire—a very 
troublesome task—to enable the chrome red to run out. The co<rk should 
be opened as soon as tlie first particles of the chrome red settle down in 
the apex of the cone 

The tank F is filled lialf full of boiling water, to wash out the clirome red 
the first time as quickly as possible. The tank may be of medium size, the 
quantity of chrome red being comparatively small, and any superfluous influx 
of mother liquor can be avoided by closing the cock E immediately the clear 
liquor is observed coming through. By using a somewhat larger tank, a 
second washing of the chrome red may be avoided. In treating the chrome 
red afterwards with sulphuric acid, the indicated strength of acid must be 
strictly maintained. In this case no further special precaution is necessary. 

Instead of sulphuric acid, nitric acid may be employed, but not liydro- 
chloric acid. 

After the treatment with sulphuric acid, the chrome must be washed once 
with hot water, and is then spread on a linen filter and dried either in drying 
rooms or in the open air. 

'I he clear yellow top liquor also contains potassium monochromate, and 
can be used for making cheaper brands of chrome yellow. 

To manufacture other brands of chi*ome red the above proportions of the 
raw materials are retained, but the quantities of the liquid are clianged, 
being decreased for light shades and increased for very dark (to violet) reds. 

The Maniifaclure of Chrome Red from RmU: Lead Chloride 

On p, 134 (manufacture of chromes from basic lead chloride) it was stated 
that the formation of free caustic soda in this process enables basic lead 
to be niade direct. This is now often done on account of the bright 
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shades obtainable. The potassium bichromate as well as the monochromate 
can be used for this purpose, the latter, however, giving better results. The 
chemical reaction can be represented by the following equations: 

1. With potassium inonochromate, KgCrO^: 


PbCl,Rb(OH), + K^CrO, = Pb,(OllXCrO, 

Basic load chloride Chrome red 


+ 2KCI 

I’otassiimi chloride. 


2. With potassium bichromate, K^Cr^Oy: 

2(PhCl,Fb(()H).) + 2NaOH + K^Cr/), = 2PbXOH),CrO, + 2NaCl + H,0. 

In the latter process the ])otassium bichromate is converted by the 
caustic soda into a mixture of potassium and sodium monocliromates, which 
act on the basic lead chloride in the same manner as the monochromate 
alone in Equation 1. 

The following method is best. The mixture of the basic lead chloride 
and caustic soda is put into the boiling solution of potassium monochromate, 
containing a known quantity of the dry salt, heating being continued 
until the formation of chrome red is complete. The operation can be 
performed in the same apparatus as represented in Fig. 78, the directions 
with regard to the volumes of the licjuid being also observed. Very dark, 
and therefore coarsely crystallised, brands of chrome red cannot, how¬ 
ever, be obtained by this method, even when very large quantities of 
water are used. A further difference in the two methods consists in the 
fact that the chrome red in the latter process is formed immediately, and 
that any further treatment with sulphuric acid is superfluous. The washing, 
however, must be repeated several times, on account of the excess of caustic 
soda. 

In using potassium hkhroviatc the method is modified, inasmuch as the 
solution of the chromate is added to a basic lead salt, finely distributed in an 
ordinary tank, and afterwards slowly boiled. The decomposing action of the 
caustic soda on the potassium bichromate increases the duration of the 
process and entails the use of concentrated solutions of chromates. 
Dark shades of chrome red cannot, therefore, be obtained with this method. 

The treating of the resulting chrome reds after wasliing is exactly the 
same as in the white lead method. 

The manufadure of chrome red from basic lead chloride can be performed 
as described in the manufacture of orange chrome. On precipitating a solu¬ 
tion of basic lead acetate (obtained from 100 parts of sugar of lead and 59 
parts of litharge) with neutral potassium chromate, the dirty yellowish- 
brown precipitate mentioned on p. 145 can be observed, the structure and 
appearance of which change at an increasing temperature into a crystalline 
product of a bright dark orange red shade, which does not turn red even on 
prolonged boiling. If the washed precipitate of x basic lead chromate, how¬ 
ever, is treated at boiling temperature with caustic soda its shade becomes 
considerably redder, and it shrinks, yellow' sodium monochromate passing 
into solution. If on a further addition of caustic soda the intensity of the 
red colour does not increase, the chemical process may now be regarded as 
finished. The precipitate is t|ien allowed to settle dov'R; the top liquor is 
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removed and the precipitate washed with hot water until the washing water 
contains no more sodintn monochronjate. When dry the prwlnct forms a 
very finely divided red powder, which, however, is of low intensity compared 
with thatof the chrome red obtained by the white lead method. Tlie whole 
process can be etfected in a simple wooden lank 1) heated by steam. 
The quantities of the liquors used have very little or no infiuence on the 
result, and if sometimes a brighter product is obtained the reason will be 
found in an accidentally greater purity of the raw materials. 

The same method is used when lighter orange clnomes or deep chrome 
yellows {i.e.f more neutral j)roducts) are employed as raw materials, except 
that a larger quantity of caustic soda is needeil. However, the metliod will 
not furnish a chrotne red of the same dark shade as that described above. 

The mamifaclure of chrome red from pure lead hydroxide by precipitating a 
solution of sugar of lead with caustic soda has now being practically discon¬ 
tinued owing to the high cost. According to (Jentele, a certain quantity of 
sugar of lead is dissolved in about an eightfold quantity of water in a copper 
vessel, and the boiling solution is treated with concentrated caustic soda 
until no more lead hydroxide is precijiitated. Small (juantities of potassium 
bichromate are then added with constant stirring until the settled pre¬ 
cipitate is of a bright red shade. It is then removed, mixed to a paste with 
water, and allowed to stand a few days, after which time the top liquor is 
drawn off, the chrome red rewashed, filtered, and dried. A more suitable 
method is the precipitation with j)otassium monochroniate, whicli gives 
a brighter but more coarsely crystalline product than Gentele’s method. 

Though chrome re<l very often occurs as a very dark, bright slmde, this 
is of no use for many purposes in consequence of its gritty, crystalline form. 
Ground very fine, tlie colour is no longer dark red, but more or less orange 
yellow. Clirome red is really only useful in fresco painting as a substitute 
for vermilion. It can be easily mixed with oil, but separates again very 
quickly on account of its high sj)ecific gravity. Chrome red lias the limited 
fastness of all lead colours. 

Chrome red dissolves in dilute nitric acid to a clear red solution, in con¬ 
trast to red lead and vermilion. Treated with sulphuric acid, the insoluble 
and sulphate is formed ; with hydrochloric acid the almost insolid>le lead 
chloride. All these solutions are green in colour. 

Chrome red is sold too as Persian red, Derby 7'ed, Vienna red, Vicloiia red, 
American ver7nHwn, itc. Chrome red or purple red is the name given to a 
precipitate obtaineil by treating a solution of a silver salt with potassium 
chromate. This precipitate is brighter than the lead compound, and of 
finer structure. The colour is not very fast, and is too dear for general 
use. 

b. BED MERCUEY COLOUBS 
Vermilion {Zinnober, VermUlo7i, Cinnabar) 

Vermilion has been used as a colour from the earliest times. As far back 
as 400 years b.c. it was mentioned as'a Colour used by the Egyptians for 
painting pictures of the gods (“ Sapienia,” chap. xiii. 14). According to 
D. Chirachi, the schaschar of the ancient Hebrews, used for similar pur¬ 
poses (Jeremiah xxii. 14, Ezekiel xxiii. 14), was nothing else than vermilion. 
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According to this author, vermilion was used as a pigment 600 years b.c. It 
must, however, be assumed that the Assyrians, and probably still earlier 
the Chinese, already used vermilion as a colour. Pliny mentions vermilion 
under the name minium." 

Vermilion is a compound of mercury and sulphur, of the formula HgS, 
and is found native in many places. The best known deposits are at 
Almaden and Almadenjas, in Spain, and Idria, in Austria. In the vicinity 
of the Hhine (Bavaria), in Westphalia, in some parts of Austria (Styria, 
Bohemia, Hungary, tSre.), in the Urals, in China and Ja}>an, in Mexico and 
Peru native vermilion is also found in more or less considerable (pianlily, and 
of variable purity. I'he deposits in California are of great imjmrtance. 
Vermilion is principally found as beds and lodes in the crystalline slate 
rocks, &c., and sometimes in the shape of loose round lumps in secondary 
deposits. The native vermilion is known in commerce as ciaarz/wr (mercury 
blende). 

Whilst the ancients always used this native vermilion, it is only employed 
on an extremely small scale at present. Most of the technically used 
vermilion is manufactured, and is of a far brighter shade than the native 
variety, and is even then of only moderate brightness. Before use tlie latter 
must be wet ground, dried, and sifted. 

'riie maiiufacturc of vermilion, like that of nearly all mineral colours, 
has been kept secret by the manufacturers until recently. Nevertheless 
the process is a very simple one, and any technical ditfieultics now ex¬ 
perienced are solely <lue to the high price of mercury, and especially to its 
jmisonous properties, necessitating special precautions and highly economical 
methods. 

'J'wo principal inetliods of nianiifactuiing vermilion are now einj)loycd • 

1 . The (in/ mefhod, in wliich the raw materials are used solely in the 
dry state ; and 

‘■Z. The wet inef/iod, in whicli at least one of the materials is used in a 
dissolved condition. 

Vermilion was mamifactured by the first method until within the last 
few decades, csj)ccjally in Holland, but at present the method is only used 
in Idria, and even there with some important improvements (Austrian 
vermilion). 

'J'he so-called wet method, founded on a purely scientific basis, is the best, 
and as it lias become an almost exclusive speciality of the Herman colour 
industry it may justly be termed the Gcnium method. 


Ih// Method 

'I'he manufacture of vermilion in the dry wfiy rests upon the property of 
mercury for combining chemically with sulphur by simple mixing. At 
first a powdered black mass is obtained, the nvmyhons black sulphide of 
mercury, forming the raw material for the manufacture of cri/xiallinc mercury 
sulphide, the true red vermilion. Both modifications have the same 
chemical composition, HgS. 

The conversion of the black modification into the red one can be effected 
in various ways. In the dry method it is performed exclusively by sublima¬ 
tion at a definite temperature. 
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The dry method is therefore divided into two stages, viz.: 

1 . Tlie production of the black mercury sulphide. 

2 . The sublimation to red sulphide (vermilion). 

These two stages are followed by a third, the technical finishing of the 

sublimed product to form the commercial article. 

Whereas the two first or principal stages differ in Dutcli and Austrian 
practice both in the apparatus and the modns operandi, the finishing process 
is the same in both cases. 

The Didck method being a very imperfect one, according to pi-esenl-day 
notions, may be described shortly as being tlie pioneer process leading up 
to the latest methods. 

The black sulpiiide is obtained by placing metallic mercury into 
melting sulphur, atid the mixture is stirred until chemical combination 
occurs. A simple iron pan is iised—a primitive and somewhat dangerous 
process, not unattended with risk of explosions. 'I'o avoid this danger it is 
advisable to add the mercury in small portions at a time, and to nuulerate 
the fire during the operation, so that the sulphur has just the suitable con¬ 
sistence for the mixing process. When all the mercury has been added— 
according to the Dutch recipe, 18 parts of sulphur are generally taken to 
100 parts of mercury—the black mass in the pan is constantly stirred with 
an iron sj^atula until an absolutely uniform powder is obtained. Tliis 
operation is rather difficult, and must be j)erforine(l with great caution ; on 
this depends not only the quantitative yield, but also the brightness of the 
vermilion. 

The second stage iscarried on in special pots, placed in specially constructed 
furnaces, so that al>out two-thir<!s of the pot is exposed to the direct heat of the 
fire. The charge is added in small portions in this case also. 'I'lic pots are 
of earthenware, and oval in shape. The larger end is placed below, forming 
the bottom of the pot, and the pointed end is cut off, the opening thus 
left being covered witli a somewhat larger cast-iron plate. The charge of 
black sulphide is added when the pots have been lieated to redness as 
slowly as possible in order to prevent breakage. As the portions of 
sulphide are introduced they burn with a bluish-white flame, which is 
allowed to subside before a fresli portion is added. The operations can, 
however, be accelerated as the prescribed quantity of mercury is nearly 
exhausted, since by this time the temperature in the pot has increased 
and the burning of the sulphiile j)roceeds more rapidly. The quantity of 
the charge depends, of course, in the first place on tl)e dimensions of the 
pots, and must be ascertained by trials beforehand. Tlie most usual dimensions 
of the subliming pots are 24 to 2f) ins. high, and average about l6 ins. across 
the middle. 

The whole of the charge being added as described above, and the 
sulphur burned until the white flame has nearly cease<i to issue from 
the pot, tliis latter is covered with the above-mentioned iron plate, and the 
temperature is rapidly increased for the process of subliming the vermilion. 
During this process, which requires about thirty-six hours of uniform 
heating, the plate must be uncovered a little from time to time to avoid a 
premature suppression of the sulphur flame. The mass must be stirred 
up quickly and thoroughly well by aid of an iron rod each time. The 
sublimation can be considered finished if on uncovering the iron plate no 
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more flame can be observed, and the plate itself shows a considerable crust 
of sublimed vermilion on its under side. 

Heating is then stopped, and the pots allowed to cool in most cases. To 
be able to collect the whole quantity of vermilion the pots must be broken, 
the sublimed vermilion being carefully removed from the broken pieces. If 
properly managed, the yield will be 3 to 4 percent, less than the total weight 
of the raw materials used. The further finishing of the resulting vermilion 
(vermilion in pieces) will be described later on, in the manufacture of vermilion 
by the Idrian method. 

The Idrian method utilises the improvements of theoretical research and 
employs the most suitable apjwiratus both for reducing the loss of materials and 
vermilion as well as to minimise the dangerous character of tlie manufacture. 
This method therefore endeavours, not alw.iys witli success, to avoid the 
faults of the Dutch process. The first stage, viz., the production of the 
black sulphide of mercury, is based on the mixing of the raw materials 
(sulphur and mercury) in accordance with theoretical research and the 
maintenance of economy, so far as is practically feasible. The same is the 
case with the subliming pots used in the second stage, these being provided 
with distillation hoods and receivers. 

The proportions used in mixing the raw materials differ somewliat from 
the theoretical quantities, 20 parts of sulphur and 10.5 parts mercury being 
taken. The mixing is effected in rolling casks, provided on tlie inside 
with narrow longitudinal ribs, and supported on a common frame. Tlie 
barrels are rotated by a train of pinions similar to the arrangement 
shown at Fig. 0*8, the ribs facilitating the mixture of the raw materials. 
The barrels are made of elm, and provided with iron lioops. In large 
works as many as twenty barrels are used, all mounted (see tlie grind¬ 
ing of soda ultramarine green) on strong frames driven from a common 
shaft. 

barrels make fifty to sixty turns per minute, and are mounted 
in pairs running in opposite directions. The duration of this j)roccss 
is about three hours, 'i’he product is merely a mechanical mixture, from 
which free mercury can be sejiarated by strong pressure. To convert this 
mass into a cliemical compound the mixture must be heated at about 
150®C., tlie same result being attained as in the Dutch process—ignition 
of the surplus sulphur, with occasional detonations. During tlie heating 
the black mixture turns into a dark violet, ratlier soft powder. 

For obtaining a proper mixture the quality of tlie powdered sulphur is 
of special importance, since the mercury will only combine w'hen the 
sulphur is applied in a coarsely powdered form. Conversely, if too finely 
powdered the sulphur floats on the metal. Therefore the speed of the 
barrels must be regulated accordingly. The most suitable gauge of sieve for 
sifting the sulphur beforehand must be ascertained by experiment. 

Dunng the rotation the mixture in the barrels will become rather warm 
(25® to 30° C.), and the increase in temperature will be the greater the 
warmer the working rooms are. The duration of the mixing process varies 
inversely with the temperature. Tlie mixture being so far complete that a 
sample no longer reveals globules of free mercury when examined with a 
magnifying glass, the barrels are stopped, emptied, and the resulting mix¬ 
ture divided into portions of 26^ lbs. each and placed in suitable earthen- 
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ware pots. The weight of charge put into the rolling casks depends, of 
course, oii their dimensions. 

I'he .sublimation proem- of the black mercury sulphide is carried on in a 
kind of reverberatory furnace, heated from a wood or coal fire. Several 
furnaces of this kind are generally in work at the same time. The pear- 
shaped sublimation pots of cast iron are arranged in sets of six, mounte<l on 
suitable strong iron frames, and charged with equal j>ortions of the mixture 
from all the rolling casks, in order to prevent the formation of sublimates of 
different shades. Tlie pots are large enough to take I.'IO lbs. of the mixture 
each, and still leave enough free space to prevent any trouble during the' 
subliming process. This process has three different stages— tha vaponsation, 
viz., the chemical combination of the mercury with the sulphur; in the second 
stage the distillation hoods and receivers are displaced, and is followed by the 
real .subliming proce.s.s, in the course of which the red compound, vermilion, 
is produced. 

When all the pots have been charged with the raw mixture the sheet- 
iron hoods (weighted with brick) are put on, and the earthenware receivers 
attached. 'I’he joints are not heated during this stage. To minimise the 
danger arising from the detonation the pots are h<‘ated up in pairs, and 
when the sulphur has ignited the heating of the following pair is com¬ 
menced, an<l .so an ignition occurs in a very short time, so that the first stage 
is not a very long one.- When the flame issuing from the pots has dimi¬ 
nished, and no more whitish fumes of sulphur dioxide are oUserved, the 
process can be considered finished, and as soon as this is the case with all 
the pots the following operation may begin. The iron hoods are taken 
away, and replaced by others of earthenware. All the joints are luted with 
earth, or pi’eferably fire-clay, riie furnaces are now heated, and the draught 
arranged so that all the pots arc bathed by the flame. As the heat 
increases, and generally in a short time, the sulphur rc-ignites, and burns at 
first with a small flame inside the pot. In pro])ortion as the temperature 
increases, tlie flame of the sulphur becomes larger, so that after about 
three hours it extends beyond the neck of the hood, whereupon the receivers 
are attached, in order to collect the distilled sulphur. In many works an 
earthenware pipe 20 to .U) ins. long is arranged between the hood .tn<l the 
receiver to facilitate cooling. All the joints must be luted with earth or 
clay. The receivers arc provided with a tubulus fitted with a clay plug, to 
regulate the escape of the sulphur vapour, so as to relieve the pressure of 
the gases. When healing is so far advanced tliat a constant flame issues 
from the tubulus it is a sign all the sulphur condensed in the pipes and 
receivers is consumed, whereupon the next process, the real .sublimation of 
ike vermilioUf will begin. The tubulus is now closed and luted with clay. 
To prevent any bursting of the lutes, which often happens with loam 
at the higher temperature, and consequently a loss of vermilion, the joints 
must be kept moistened during the whole process of sublimation. If all 
goes w'ell and no interruption of the heating occurs, the process can be con¬ 
sidered as finished in about four and a half hours, calculated from the luting of 
the tubulus. The end point is revealed by the appearance of a small flame 
at the joints between the pot and the hood, the luting having been partially 
removed for that purpose. The fire is then drawn, and the distillation pots 
and receivers allowed to cool. The bulk of the sublimed vermilion will 
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found in the receivers in a specially pure state and of bright shade. A less 
pure sublimate will be found in the pipes and on the inside surface of the 
hoods, and this portion must be resublimed, or else added to the following 
charge of black sulphide of mercury to be heated for sublimation. 

'I'he subliming apparatus being dismounted, the receivers must be 
broken, so as to obtain the vermilion without any loss. The sublimed mass 
in the pipe is scraped out with an iron rod, and these pipes, conse{ju^iitIy, 
can be used several times over. 

A simpler plan, of course, is to remove the sublimed product from the 
hoods with a stiff brush. The product obtained in this way is more pul¬ 
verulent, and is sometimes called dean vermilion, to <lislinguish it from 
the vermilion in pieces. A properly conducted operation will yield as 
“ Vermilion in pieces,” about 70 per cent, in the receivers, about ‘i5 per 
cent, in the pipes, and 2 per cent, in the hoods. A small residue in the 
j)Ots consists of metallic sulphides from im])urities in the mercury. 

The third stage (comtnon to both processes) of the manufacture of ver¬ 
milion in the dry way is the grinding and finishing of the ^‘vermilion in 
pieces” obtained by sublimation. The grinding is carried on underwater, 
the wet mill of medium size represented in Fig. 0 being the best. The levi- 
gation process is precisely the same as already described ( 7 .C.). The only point 
to be observed is tliatthe “ vermilion in pieces ” requires four or five grind¬ 
ings to furnish a suibibly fine product. In consequence the resulting colour 
is always of a lighter shade, but no brighter in appearance. Hiere is, there¬ 
fore, a certain limit to this manipulation, which, Iiowever, by thorough 
attendance ami by })ractical experience can be modified considerably, to the 
benefit of the product and duration of the process. 

The refining of tlie washed vermilion is to remove the impurities—black sul¬ 
phide of mercury, free sulphur, A'c.—which remain in the vermilion in spite of 
all the care taken during the subliming process, thus iiiHuencing consider¬ 
ably the brightness of the shade. 'I'he appearance of the commercial article 
depends, therefore, on this refining process. It consists in treating the ground 
vermilion with alkaline solutions, in which the impurities ineiiHoned are 
easily and completely soluble. 'I'his operation is performed at boiling 
temperature, and is followed by a thorough washing of the vermilion. By 
means of several washings the dissolved im])urities and the excess of the 
alkaline liquor are entirely removed. In the Idria process solutions of 
potash, either made in the works by treating suitable ash or from purchased 
alkali, are used. The concentration of the solutions varies according to the 
vermilion to be treated. For bright red vermilion a solution of 10 ® B. is 
quite suitable; for darker shades, however, solutions of 11 ® to 12 ® B. a're 
absolutely necessary. The procedure is just the same in all cases. The 
ground vermilion is added to the alkaline solution in a suitable iron vessel, 
thoroughly well stirred, and the mixture is kept at boiling temperature about 
ten minutes. The colour is then allowed to settle down, and the top liquor 
syplioned off. It mostly contains potassium peiitasulphide, besides small 
quantities of dissolved mercury sulphide. The vermilion in the vessel is 
removed and washed in a tank several times with boiling, and finally with 
pure cold, water in the usual manner. The washing can be considered as 
finished when the last washings are absolutely clear (not milky), or no 
longer show an alkaline reaction. 
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'J’lie washed vermilion is then dried on handy enamelled iron jMins, at 70° 
to 75° C., in dryinjr.vooms. The lif^hter shades arc liable to cake —a defect 
easily remedied by working the dry mass with suitable wooden rolls. The 
vermilion must generally be sifted once more before it is rea<ly for sale. 

(icrnian or Ji'el. Procnx 

Tor the manufaelnre of the vermilion in the wet way various methods 
arc used, all of them furnisliing a product of a much'brighler appear^lnce 
and purer shade than that from the sublimation process, and scarcely 
inferior to the true Chinese vermilion, prepared by a secret proecss. 

According to Kirchhoff, the older method is as follows: .S(H) parts of 
mercury are mixed very intimately with ()8 parts ()f sulphdr until no more 
gloliules <jf mercury can be detected in the mixture, and a perfectly homo¬ 
geneous mass is obtained. At the ejid of this operation a small (juanlily of 
canslie potash must be added, the resulting black mercury sulphide being 
treated, for conversion into the red modiliealion, with concentrated caustic 
polash, the colour ehangiim slowly to a brownish red, and then more 
(jiiickly to a scarlet red. 'Ine mass should always be kept in a damp state, 
so that tiu* evaporated water must he replaced from time to time. The 
addition of water is ke})t up until the mass has gradually become red 
all llirough. The temperature is then increased (with continued stirring), 
hut only as long as the intensity of the shade continues to brlgldcn, and the 
mass lias liecomc gelatinous. 'I’his stat<; being attained, the mass is removed 
from the fire and allowed to cool slowly. If the heating be prolonged any 
furtiier the colour would revert to a brownish red, which, of course, has to 
be avoided. This constitutes a eerlain defect of tlie process, anil Kirchhofl’ 
therefore proposed to remove the mixture from the fire immediately after the 
appearance of the red shade, and to digest it for several days at a moderate 
temperature. In this way the bright red shade of the product is obtained 
without any ri.'<k of discoloration. The vermilion is then washed several 
times with a very dilute solution of caustic potash, and afterwards with 
pure cold water. The washing water contains dissolved mercuric sulphide> 
which separates out on prolonged standing, and would therefore contaminate 
the vermilion if the washing were conducted with pure water from the 
beginning. 

In consequence of the uncertain result, the Kirchhoff method did not 
find any practical ajiplication, and was quickly superseded by the Dobereiner 
method, afterwards improved by Th. Marlins. This nietlmd rests iipf)n the 
direct transformation of the metallic mercury into red mercury sulphide by 
the aid of potassium pentasulpliide, K,S.,. 

K^S;. -f Hg = HgS + 

l\)tas»iiim Meicury V'f-nnilion Potassium 4. suipbido 

The potassium pentasidphide is obtained in the purest state by melting 
potassium inonosulphide, K,S, with the corresponding quantity of sulphur, 
and forms a dark brown leatlier coloured mass, smelling like sulphuretted 
hydrogen. It readily deliquesces in the air to yellow liquor. The potassium 
mouosuipbide is obtained by heating potassium sulphate with carbon. 
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The pentasulphicle is manufactured by mixing and fusing potash (potas¬ 
sium carbonate) with the corresponding weight of sulphur in large crucibles. 
At the beginning the mass froths up, owing to the escape of carbonic acid, 
but soon melts, and is poured on to iron plates, whereupon it is allowed to 
cool. The potassium pentasulphide obtained in this way still contains con¬ 
siderable quantities of potassium sulphate and sulphide. 

In the Dohemner procex/f pure metallic mercury is mixed at a moderate 
temperature witii a concentrated solution of potassium pentasulphide until 
a dark red powder is obtained, this being then separated by decantation and 
converted into true vermilion by treatment with concentrated caustic potaslj. 

The digestion is effected at about 40® to .50® C. in iron vessels, and is 
continued till the brightest shade of the compound is obtained. The mass 
is then allowed to cool, and washed in the usual way. Here also an ex¬ 
cessively high temperature causes the colour to turn brownish red. This 
defect, however, can be avoided, according to Mart'wx, by filling the com¬ 
ponents into strong glass bottles and heating them on specially constructed 
swinging apparatus. The formation of the vermilion is greatly hirthered 
by the uninterrupted shaking of the mixture^ and proceeds without any 
artificial heating, whereby all danger of the transforn>alion into the brown- 
red modification is prevented. The operation is, however, a tedious one. 
As may he seen from the equation, the advantage of tliis process rests upon 
the fact that no other material except mercury and sulphur arc used, and that 
tlie used raw materials can be recovered from the mother liquors sej)arated 
from the vermilion, h'or this purpose the solution of potassium letrasuiphide 
is boiled, and finely ground sulphur is added slowly until saturation (viz., 
potassium pentasulphide) is obtained. The end of the reaction can l)e 
easily observed by the violent ebullition of the liquor and the formation of 
bubbles on the surface. 

The increased weight of prodtict obtained by this method is another 
advantage, as compared with the sublimation process. With good manage¬ 
ment the yield will be 110 per cent., the loss of mercury taking place in the 
dry metliod being absolutely precluded. It is, however, necessary that the 
metallic mercury should be perfectly free from any other metal, otherwi.se 
the sulphides of the admixed metals would also be formed and the shade of 
the vermilion adversely affected. 

There are several other methods for manufacturing vermilion by the 
wet way, of which the following may be mentioned : 

0. Hansamann (Wagner, Jahresher., x'xi. 6l9) uses mercury ammonium 
chloride, NH^HgCl, a white precipitate, obtained by precipitating a mercury 
chloride solution with sal ammoniac. The flocculent precipitate is treated 
with a highly concentrated solution of sodium hyposulphite until entirely 
dissolved. On heating this solution a certain time, the vermilion begins to 
separate. Tlie presence of ammonia and ammonium chloride in tlie solution 
seems to greatly influence the appearance as well as the formation of the 
vermilion. The temperature also plays an important jmrt in the reaction, for 
the lower the temperature the lighter the resulting product. 'I'he brightest 
shade is said to be obtained at 70® to 80® C. 

According to Haah,red vermilion is obtained by beating calomel (mercurous 
chloride) in a powdered state with a solution of sodium hyposulphite to 
boiling. The black sulphide of mercury is^separated from the top liquor 
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and heated with a concentrated solution of potassium pentasulphide \inder 
constant stirring, whereby this red niodihcation—viz., the vermilion—is 
formed. After recooling, the resulting product is washed and dried. 

Vermilion-can be prepared electrojyiieally, but this method hn.s not yet 
been adopted in practice. 

\ ertnilion is the brightest red mineral colour known, and is on this account 
very largely used. In consequence of its high price it is not much used as an 
iiigredient ot paints—viz., for ordinary work -having been almost entirely 
dis|)Iaced by the aniline lakes, the so-caIle<i vermilionettes. Vermilion has 
the defect of turning black in the light after a certain variable time, many 
vermilions keeping their bright red colour hu' years, whilst others change 
colour in a few months. I he change is believed to be due to the conversion 
of the crystalline modiheation to the amorj)hous form, hot this lacks confirma¬ 
tion. Many circumstances rather favour the assumption of a reducfi<tn of 
the sulphide to a lower state, sulphur being set free, the change being 
accelerated by the ju’csenoc of certain impurities. 

I’lire vermilion is insoliihie in alkalies or in dilute acids, and difl'ers, there¬ 
fore, from tim imitation venniiions (vermilionettes), which also part with 
most, or all, of tlieir colouring matter on treatment with alcohol. When 
heated, vermilion changes colour, first to a bluish shade, afterwards to 
brown, and finally to black, igniting and burning with a bluish flame until 
almost completely volatilised. The residue should exceed O'l- per cent. 
Adulterants such as red lead, ferric oxide, bari tes, brick-dust, ike., remain 
as a residue, mostly without change. This healing test must be a])plied on 
a porcelain j)late, platinum beiug easily injured by amalgamation, resulting 
in fusion. A mixture of nitric and hydrochloric acid dissolves vermilion and 
forms a colourless solution. Bromo-hydrochloric acid has still greater solvent 
power. 

Vermilion is one of the best covering colours, require.s only a small amount 
of vehicle for paints, but easily sej)arates. It also dries badly. 

When rubbed in a damp state on a polished brass plate a black tarnish 
is formed. 

Cfmmne-vennilion is the trade name sometimes applied to a mixture of 
finely levigated ferric oxide (colcothar) witli true vermilion. 

Brilliant Scarlet (Hgl^; Mercury Iodide, Scarlet Red, lodzimwher, Ecartat^ 

The compound of mercury with iodine has a beautiful red shade, but the 
hopes to which this product gave rise have not been realised, the price 
being loo high, and its place filled by the aniline lakes already mentioned, 
so that it is now rarely used as a pigment. 

The colour can be obtained by precipitating an aqueous solution of 
mercury chloride with one of potassium iodide. 'l*he scarlet red precipitate 
is washed, filtered, and pressed. The other recipes known are partly too 
complicated, partly too expensive, for description here. 

Brilliant scarlet is not fast to air. In the light it very soon turns yellow, 
then brown, and finally black. As a water colour it is absolutely useless. 
Ground in oil it is more permanent, but it is said to disappear absolutely 
when heated gently for some time. It dissolves in potassium iodide to form 
a colourless solution. 
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Mercury Chromate (Hfr,CrO,) 

On ti-eatiiifT dissolved mercurous or mercuric suits with a solution of 
potassium chromate hright red precipitates are obtained, similar to ver¬ 
milion. This colour is best obtained by jjrecipitating mercuric nitrate with 
potassium chromate, followed by washiii}?. The mercury chromate, both in 
the dry state and when ground in oil, changes very easily, and is rapidly 
blackened by sulphur fumes. It darkens, too, very rpiickly when ground in 
oil, and is therefore of no technical value. 


c. BED COPPER COLOURS 
Copper Ferrocyanide (CuiFetiy,,; rmuli/lcc Ita!) 

This compound is of a dark violet-red shade, with a brown tima-. It is 
still sometimes used as an artist’s colour, but is very seldom found in trade asa 
material for paint. 'J’he shade can be imitated ehe.iply and very easily with red 
ferric o.\ide colours, and, indeed, Vandyke red has no specially advant.igeous 
(jiialities. The pigment is obtained by treating an acpieous solution of copper 
sulphate with one of potassium ferrocyanide, a violet-red precipit.-ite being 
formed, whicb is then washed and drieil. The copper sulphate must be 
absolutely free from iron, to prevent tlie formation of I’russian bine; the 
Swedish sulphate is therefore generally used. 

According to another recipe, .'i7'5 parts of potassium ferroevanide are dis- 
solvcil in hot water, S'lo parts of sal ammoniac bihng then addcrl, and the 
mixture, after being allowed to stand for some time, is |)rcci|)itated with a 
solution of parts of copper sulphate, with continued stirring. The jrre 
cipitate must be washed several time.s, and alterwards dried. 


d. RED ANTIMONY COLOURS 
Antimony Vermilion (.SbgS,,0„; Aniimoit^innuher, I'crmilhin d'Anlhnome) 

This pigment also has lost much of its former importance, ireing replaced 
by aniline lakes of much greater brightness and permanence. Its prepara¬ 
tion will therefore be only briefly de.scribcd here. 

The method of Kopp {Diiig/. Jimni., cliv., p 296 ) for making antimony 
vermilion rests upon the decom|)osition of the calcium hyposulphite with 
antimony chloride. The resulting clear liquid is heated to (iO ' to 70’ C., 
whereupon the red colour separates slowly as .1 fine soft powder. The 
operation can be made continuous by using a series of tanks, each holding 
4.50 to ().50 galls. The tanks are placed about 40 ins. from the ground, and 
provided with steam heating coils to prevent any contact of the steam with 
the solution, and couseipjently any increase in the volume of the lirjuid by 
condensed steam. The tanks are disposed so that the top liquors can run 
into a common collecting tank below. 

The tanks are filled seven-eighths full with a solution of calcium hyposul¬ 
phite, the solution of antimony chloride being atided in small portions—about 
J gall, at a time. A white precipitate is formed, which, however, dissolves 
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immediately on stirring the licjuid I'lie addition of antimony chloride is 
discontinued when the white precipitate becomes persistent, forming a slight 
cloudiness in the liquid. This must he removed hy adding calcium hypo¬ 
sulphite again until the solution is perfectly clear. The temperature is 
brought to (iO°to 70° C. hy turning on the steam, and stirring is continued, 
the liquor gradually turning straw yellow, tluuj lemon yellow, and linaily 
orange. At this moment the steam is slopped, hut stirring is continued fora 
short time. The lieat(»f the licpiid is now enough It) finish the reaction—\i/., 
to give the brightest’shade to the preci[)itate. Ry continuing the heating 
the colour would turn from oraiige to a carmine red, and finally to brown, or 
at last black. Consequently all shades from orange to brown black can be 
obtained by regulating the temperature. 

When ct)ld the top liquor is removed into the collecting tank, already 
supplied with calcium sulphide. The sulj)hurous acid of the top li(]uor is 
combined by the calcium .sulphide, forming calcium liyj)osulphilc, which 
can be used for making antimony vermilion. In this regeneration j)ro- 
cess an excess of calcium sulphide must be avoided, .sijicc it will form 
with antimony chloride the common orange-coloured antimony sulphide, 
remaining admixed with the antimony vermilion and impairing its 
brightness. 

I’he regeneration j^roccss, however, can be easily controlled by the irmi 
present in the antimojjy chloride. All iron in the top liquor of the anti¬ 
mony vermilion beiiig present as ferric chloride, this latter forms with the 
calcium sulphide a precipitate of black iron sulphide, which only dis¬ 
appears when an excess of sulphurous acid is present, forming ferrous 
hyposulphite. When this occurs more calcium sulplnde must he added, 
until the precipitate of iron sulphide reappears and persists. 'Fhis is then 
allowed to settle down and the clear top li(jUor taken away. This latter 
must have a perfectly neutral reaction before it can he used again. 

During the lime llie precipitate in the first tank is settling down the 
same manipulation is j)erformed on the second, ami then on the tliird t.ink. 
The first tank will meanwhile he emptied, and the li(juid reconverted into 
calcium hyposulphite for use over again. 

'I'he resulting antimony vermilion is washed several times with tepid 
water, filtered, and {Iried at 50® to ()0® C. It is not a fast colour, being 
unable to resist even very dilute acids, or more especially alkalis, so that 
its application is very limited. At a higher temperature antimony ver¬ 
milion is converted into antimony sulphide, and blackens even when heated 
gently. 


e. EED COBALT COLOURS 

The red-or pink-coloured cobalt conqmunds are more of scientific interest, 
being too dear for teclmical use. According to Gcniele, when eobaltous 
arsenate {c/iaitjc metalli(jne), of a violet shade, is very strongly heated for some 
time a violet-coloured mass is formed, rejjresenting, when finely ground, a 
pink-red powder. The colour is said to be less bright than the maildcr lakes, 
but faster to light. The same colour was formed by Gentele from the same 
arsenate with a little borax, in a porcelain kiln, as a violet mass, giving the 
same pink-red powder when finely ground. 
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According to i^alveiat, pink cobalt is obtained on precipiutumg a nuiuhuii 
of a cobaltous salt with sodium phosphate. The dried precipitate is pink, 
changing to violet when heated. 

Cobalt magnesia pink is obtained when finely powdered precipitated 
magnesium carbonate is mixed to a thin paste with a solution of cobalt nitrate. 
The mixture is then dried and heated in crucibles, a bright pink-red ])igment 
being obtained. 

'The metal/ia chromiim slannale. According to Genlele,H solution 
of bichromate, chalk, and powdered quartz are mixed together to a homo¬ 
geneous paste, dried, and raised to white heat. - The melt is washed, and the 
residue, the so-called pink colour, is used as a pigment, especially for artist's 
colours, serving here as a substitute for madder pink. The shade can be 
varied by altering the proportions of chromate and lime. 

According to Schwarz, gelatinous silica mixed with potassium bichromate 
and calcined also give.s a bright pink colour 

Purple of i'assius is not a true pigment, but is used chiefly for ceramical 
purposes—painting on porcelain and enamel. It con.sisls of gold .stannate, or, 
according to others, of stannic acid containing a red-coloured modification 
of gold in mechanical su.spension. 'i’lie manufacture is ratiier complicated. 
Muller obtains a gold purple by moistening calcined magnesia with gold 
chloride. The yellowish-coloured powder is dried andcalcined, turning thereby 
to a bright carmine shade. According to the same author, an alumina purple 
can be obtained on treating alkaline solutions of alum with gold chloride. 'J’his 
product has more covering power than the magnesia purple, but has a more 
violet tinge. 


BROWN MINERAL COLOURS 

Owing to the Hl)iindance of powerful brown minerals of such soft texture 
that they can be easily prepared by mechatjical treatment for painter’s, artist’s, 
paper stainer’s, and litho printer’s colours, the manufacture of artificial brown 
mineral colours is unprofitable and superfluous. Oreater importance attaches 
to the manufacture of brown lakes by the coprecipitation of red, yellow, 
or orange aniline dyes with blues or greens. Lakes of this class are specially 
used for manufacturing wall and fancy papers, and on account of their agree¬ 
able and bright sba<les are often preferred to the earth colours. 

The various proposals made to produce brown mineral colours artificially 
have not been adopted in practice, and therefore need not be discussed. 

Prussian brown is calcined Prussian blue, !)ut seldom used. Chrome bt'onm, 
obtained by precipitating potassium bichromate with cupric chloride, is a 
wami, deep brown, sometimes u-sed as a water colour. 

Copper brown is obtained on precipitating a mixture of copper sulphate 
and magnesium sulphate with potassium carbonate, the washed precipitate 
being then heated. 

Cobalt brown is formed by calcining a mixture of ammonium sulphate, 
cobaltous sulphate, and ferrous sulphate. 



PART III 


THE RAW MATERIA I.S USED IN COLOUR 
MAKIN(; 

MANUPACTTOE, PROPERTIES, AND QUALITATIVE 
EXAMINATION 

Since tlie practical and advantageons application of elicinical reactions is 
usually the basis of the manufacture of mineral and lake colours, a tliorough 
knowledge of tlie raw materials used for this purpose and of tlieir chemical 
and physical qualities is essential. Without this knowledge it would he 
quite impossible to understand the teclinical operations or their real purpose, 
the manufacture of tlie coloured precipitates, or to utilise the products 
thereby formed. 'J'he chemical reactions change the raw materials into 
entirely new bodies, wliich eitlicr form the colouring principle of the 
pigments or else their basis, or both together. It is therefore very irnjjor- 
taut for every one in the colour-manufacturing industry to know exactly 
the peculiarities of the raw materials. I'he jiroperties of such jiroducts, wliich 
constitute real colours themselves— e.g., red lead, lead chromate, copper 
hydroxide, &c.—have already been dealt willi in the second part, on tlie manu¬ 
facture of tliese colours. The description ol'such bodies, however, as form 
the basis of pigments, and formed simultaneously with them (as is mostly 
Ihe case in the manufacture of lakes), or mechanically admixed at the 
moment of formation, will now be given, together with the true raw materials 
and their properties. This arrangement remedies a defect of the older text¬ 
books on colour-making, and gives readers who lack chemical knowledge a 
good opportunity of gaining further instruction. Nevertheless we shall 
confine ourselves to jioints of a certain importance in the manufacture of 
colours, and at the same time to the compounds used in making tiie lake 
pigments to be described at a later stage. 


a. ALUMINIUM COMPOUNDS. (ALUMINA SALTS.) 

Aluminium Sulphate (AySO,) 3 +18H,0; mol. w., 664'8) 

This compound i.s found native in considerable quantities as so-called 
halotrickile and aluminite (Websterite), the latter with only 9 molecules of 
water of crystallisation. The artificially produced pure aluminium sulphate 
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crystallises in thin and soft nacreous iieedles or leaves, and does not 
chanj^e in the air. Aluminium sulphate is readily soluble in hot water, 
more sparingly so in cold water, and loses its water of crystallisation 
when heated. 

Aluminium sulphate is manufactured on a large scale by Iieating clay 
free from iron with sulphuric acid. It is very often used instead of alum, 
and is put on the market in large square blocks of a white shade, sometimes 
known as “ concentrated alum.” The production of aluminium sulphate from 
clay (alumina, cryolite) or bauxite will be described later on, under the 
manufacture of alum (q.v.). When made from clay or alumina the diluted 
solution of aluminium sulj>hate is treated with potassium ferrocyanide, whereby 
all the iron present is precipitated as Prussian blue. From cryolite 
aluminium sulphate is obtained by treating the alumina (precipitated from 
the sodium aluminate) with sulphuric acid (of B.\ and heating to 80° to 
PO® C. The saturated solution is allowed to stand for a certain time, and 
afterwards concentrated in copper vessels until the mass melts. In this 
state it is removed with suitable copper ladles into flat, square copper 
moulds, where it sets hard. 

Alum (A1 jK,(SOJ^ + 24HjO or Kj,SO^ +Alj(SO^)3 + 24HjO; mol, w., .048) 

Alum is chiefly found in volcanic countries in the form of an etflores- 
cence on “alum sliale" (keramohalite). In this form it is, however, of no 
practical importance, all the alum used being manufactured artiflcially. 
According to K. Fischer, the minerals suitable for this purpose may 
contain aluminium only, like bauxite or cryolite, or contain the elements 
necessary for the formation of alum or aluminium sulphate, such as 
ahinite, ike. . 

Alunife may be regarded as consisting of 1 molecule of alum + 2 mole¬ 
cules of aluminium hydroxide: K,S(), + Ah(S()^)3+2Ah(OH)^. At a slight 
red heat it is converted into a compound, from wliicli the alum can be extracted 
with water, the portion left uncoinbined by the sulphuric acid remaining 
undissolved. Without previous heating (to .'500® C.) the water will not 
dissolve alum at all from the crysUllised alunite. Alunite is found at 
Tolfa (Italy)and Munkdes (Hungary). The alum found at Tolfa is known in 
the trade as Homan alum. 

The most important raw material for the manufacture of alum, Jjowever, 
is ahimina, a clay mixed with pyrites and bitumen, and alum-shale, a clay 
shale also mixed witli pyrites, but brown in colour from lignite. 

These minerals are left for a certain time, according to their structure, 
to effloresce, or else roasted. In the former case the iron sulphide is 
oxidised by the oxygen of the air and by water to ferrous sulphate and 
free sulphuric acid, the latter forming aluminium sulphate with a cor¬ 
responding quantity of clay: FeS, + 70 -I- H,0 = FeSO^ 4-H,SO^. The 
effect of the roasting process is quite similar. The iron disulphide (FeS,) 
forms sulphurous acid and iron monosiilphide (FeS). Whilst the sulphurous 
acid decomposes the clay, forming ammonium sulphite and sulphate, the 
iron monosulphide is converted into ferrous sulphate, and this latter into 
ferric sulphate. Sulphuric acid becomes free, and partly decomposes the 
clay afresh. 

The effloresced or roasted alum ores are levigated in large tanks, arranged 
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ill terraces one below the other in stich a way that the resulting solutions 
run from one tank to the next beloiv, and from this again to one still lower, 
and so on until the solutions, becoming progressively stronger, reach a 
common oollecling lank. They have then a .specific gravity of IH” to 
seldom to H. 'J*hc impurities are then allowed to settle down as a 
brown red sludge (iron sludge). Tlie clarihed solutions are afterwards run 
into the so-called ‘Mmiling bouse ” to be eonecntrated. This latter ojieru- 
tion is performed in leaden pans, cast-iron vessels, or bricked ])ans w'ith a 
flat vault, and heated by the direct influence of tlic fire on the surface of the 
lyes, or by means of inserted jiijics. Since these solutions generally con¬ 
tain much ferrous sulphate, many alum works, tlierefore, also manufacture 
ferrous sulphate. 

If tlie solutions are concentrated to a specific gravity of 1 the basic ferric 
sulphate separates out, and the solution turns a reddish yellow colour. 
After this clarifying process the solution is led into the precipitation tanks 
(jigs), where precipitation is effected by the addition of a pota.ssiuni or am¬ 
monium salt. 100 parts f)f aluminium sulphate must be precipitated with 
parts of potassium chloride, or .50*0 parts of potassium sulphate, or 47'8 
jiarls of ammonium sulphate. The alum precipitates as a fine crystalline 
powder (alum powder), which is washed several times to remove any adherent 
mother li(juor. This manipulation is now mostly efl’ected in centrifugal 
apparatus. 'J'he alum powder is then again brought into crystals, the ordinary 
trade form. 

hi the maniifaiiurc from erffolile (sodium aluminium fluoride) this latter 
is mixed with calcium carbonate and heated. Carbonic acid escapes, and 
soluble sodium alumiiiate, besides insoluble calcium fluoride, is formed; 
Af,Na,,l'’e,^'fbCa(X)^=:AI,(()Na),.-t-f)CHFej,-f-(iC()^. After levigating the so¬ 
dium alumiiiate the carbonic acid obtained and collected from the previous 
melting process is returned into the solution, aluminium hydroxide being 
then jweeipitated. After some standing tlie top Ikpior, containing a solu¬ 
tion of so<la, is removed, and the aluminium hydroxide is dissolved in dilute 
sulphuric acid. This solution is treated with a potassium salt to obtain alum, 
or is evaporated to furnish alimiinium .mlphalc. 'J’he solution of soda is 
W'orketl up into crystallised soda. 

In the inanufacturc from bmuite this mineral is heated with sodium car¬ 
bonate or with a mixture of Glauber salt and carbon,and the fused product 
levigated, sodium alumiiiate lieiiig obtained. Bauxite consists mainly of 
ferruginous aluminium hydroxide, with more or less silica. 

Alum is one of the most important salts used in practice. It crystallises 
in colourless, transparent, sometimes very large octahedra, and is sparingly 
soluble in cold water, though readily soluble in hot water. 'Bhe .solution has 
a somewhat acid, astringent taste. Alum melts wlien heated in its own 
water of crystallisation, and when this is expelled forms a white sjiongy 
mass (alumen ustum), sparingly soluble in w'ater. It decomposes on 
calcination. 

Alum is very largely used in dye-works, in colour-making, in the tawing 
industry, in paper-making, kc. 

Neutral or cubical alum is obtained by digesting alum with alumina, or by 
boiling 12 parts of alum witli I part of slaked lime, &c. Cubical alum has the 
formula Kj,S0<;Al,S,0,, and crystallises in cubes. 
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Sodium Alum (Na,S0„Al,(S0,)j + 24H,0; mol. w.,yi7) 

is obtained by adding pure Glauber salt to a solution of aluminium 
sulphate heated to 50° to 60° C. On standing a certain time the double 
salt crystallises out from the solution. 


Sodium Aluminate (AI^Na^O,; mol. w., iGi) 


This salt is formed on boiling powdered bauxite with caustic sodji, or by 
heating bauxite with soda in a reverberatory furnace until a sample no longer 
effervesces with hydrochloric acid. It absorbs, at least on the surface, a 
little moisture and carbonic acid from the air. The solutions, therefore, very 
often appear somewhat cloudy from precipitated alumina. The clear solu tions, 
however, will remain so for some time if they are not stronger than 10° to 
12° U. ® 


Sodium aluminate is obtained in a very pure state by dissolving preciju- 
tated alumina with caustic soda. It is largely used in dye-works and calico- 
printing as a mordant, but is not very suitable for the manufacture of lake 
colours, these latter becoming dry and hard. 


Aluminium Acetate (A1,(C,H30,)5; mol. w., 408) 

'Ibis is obtained by precipitating a solution of aluminium sulphate with 
sugar of lead, barium acetate, or calcium acetate. The solution, separated 
from the sulphates, is used per se or evaporated at moderate heat. In the 
latter form aluminium acetate is a gelatinous, deliquescent mass. It is 
seldom used in colour-making. 

Aluminium Chloride (A1,,CI,( +12H,0); mol. w., 2(),V8) 

is formed by precipitating a solution of aluminium sulphate with barium 
chloride or calcium chloride. It is obtained in an anhydrous condition by 
heating a mixture of alumina and carbon in chlorine gas. In colour-manu¬ 
facture it is used in solution only. 

Alumina (AI,(OH)j; mol. w., 155-8) 

Alumina is manufactured by treating sodium aluminate with milk of lime, 
calcium aluminate being formed: 

AI,(NaO)' -H ,?Ca(OH)3 = CujAl.O^ -t- 6NaOH. 

The washed precipitate is dissolved with hydrochloric acid, and the solution 
again treated with calcium aluminate, whereupon alumina and calcium 
chloride are obtained:: 

CujAip, -1- 12HC1 = SCaCl, + A1,C1, -f 6H,0. 

A1,CI. -f Ca^Al^O^ + 6H,0 = 2Ai;(OH). + SCaCl,. 

The manufacture ^f alumina, used in making lake colours, will be 
described later on witli the lakes. 
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Alumina, under ordinary conditions, is not soluble in water, but is dis¬ 
solved in cotLsiderablc (iiianlities by caustic alkalies. It acts then as an acid, 
and combines with the metallic oxides to tbrni the so-called aluminates. It 
is insoluble in ammonia, though soluble in aluminium acetate or aluminium 
chloride. It is very extensively, used in tiie manufacture of lakes, where it 
serves as a base (carrier). 

Properties of Aluminium Salts 

Alt soluble aluminium salts have a particularly strong astringent, sour- 
sweet taste, are colourless, and have an acid reaction. Tliey part with their 
acid on calcination. The salts that are insoluble in water are mostly dis¬ 
solved by hydrochloric or other mineral acids. Claustic alkalies give a 
slimy precipitate of alumina, redissolviiig in an excess, 'I'he same pre¬ 
cipitate is formed by ammonia, but is not soluble in an excess of the * 
precipitating agent. Ammonium sulphide gives a precipitate of alumina. 
Alumina does not combine with carbonic acid. When moistened with 
nitrate of cobalt and heated before the blowpipe the aluminium salts give 
a characteristic refractory bright blue itiass. The aluminium salts show a 
great tendency to form double salts (alum). They are largely found 
combined with silica in the form of various minerals and stones, and there¬ 
fore belong to the most abundant materials known (see Karlh colours). 

Tests for Aluminium Salts 

Alum. —An analysis of alum is nio.slly coidined to testing fortlie presence 
of iron and free sulphuric acid. The te.st for iron is performed with 2 >otassium 
ferrocyanide or suljdiocyanide. Alum should be absolutely tree I'rom iron. 

Tlie test for free sulphuric acid consists (according to (Jiesccke) of 
ad<ling logwood tincture, which turns slightly yellow if free acid is presemt, 
and a deep violet red when the aluminium salts are ijuite neutral. 

Tlie sliape of tlie crystals and the appearance of tlie commercial product 
also afford a criterion of purity. 

Aluminium sulpkate must be tested for the presence of iron, free acid, 
(ilauber salt, water, and in the case of cheaper brands for arsenic also. 
Iron is tested for by acidifying with nitric acid and adding jiotassium 
sulphocyanide or ferrocyanide. For free acid tlie logwood test is applied, 
as for alum. Arsenic is detected by hydrogen sulpbhle or by Marslfs test. 
Glauber salt is tested for by 2 )recipitHtion with ammonia. The filtrate must 
be evaporated, and the residue calcined, taken up with water, and tested 
with barium chloride. The amount of water can be calculated by drying a , 
sample at 100® C. Commercial aluminium sulphate is rarely free from iron. 

Aluminium chloride is rarely tested, except, pcrhaj>s, for the iron, as 
indicated above. 

Aluminium Acetate. —IJe.sidcs tlie determination ' 
should be tested for iron compounds. i 

Alumina (aluminium hydroxide). — Ibis beingj 
making purposes in a watery white paste contaid 
matter, the water content must be determined, 
perfectly washed it may contain Glauber salt or' 
traces of ferric hydroxide. Tiie two first-iiaincd sal 


j)f the .sp<?cific gravity, it 


usually sold for colour¬ 
ing per cent, of dry 
If the alumina is not 
■sodium carbonate with 
ts can be tested for with 
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barium chloride in the filtrate from a sam|yle shaken up with water; iron in 
a nitric acid solution. Good alumina should be entirely dissolved by acetic 
acid. Adulterations with blanc fixe, china clay, clays, &c. remain undissolved 
on treating the paste with mineral acids. 

h. ANTIMONY SALTS 
Antimony Sulphide (SKSj; mol. w., 335) 

This is the most widely known of all the native antimony ores, and is named 
ant'monite (stibnite, or antimony glance). It generally forms long crystals of 
the rhombic system, or foliaceous masses with a characteristic metallic lustre 
and of a leaden or steely grey colour. It is dry and hard, fuses very easily, 
and volatilises when heated out of contact with the air. Antimony sulphide 
serves as a raw material for most antimony salts.* 

Antimonious Chloride (ShCl.,; mol. w., 

is a white crystallised, buttery substance in the cold, melts at 72® C. to an 
oily mass, and boils at 2.30” C. It deliquesces easily in tlie air. Treated 
with a large volume of water, it is decomposed and forms a white precipitate 
(Algarot). This precipitate, however, does not form if the concentrated 
solution of antimonious chloride he treated witli a solution of tartaric acid 
or hydrochloric acid before dilution. 

Antimonious chloride is manufactured by dissolving antimonite in 
hydrochloric acid. After the evaporation of the water the residue Is 
distilled. According to IC. Kopp, the dissolving is considerably facilitated 
by a previous moderate roasting in u current of air containing steam, 
whereby the antimony sulpliidc is mostly converted into antimony oxide, 
while sulphurous acid escapes. Antimony oxide is very soluble in hydro¬ 
chloric acid. 

Tartar Emetic (K(SbO)CjH/)gq-JH^O; mol. w., ;}32-4) 

This salt is largely used for dyeing purposes and to manufacture lake 
pigments. It crystallises in brilliant rhombic octahedra, soluble in 13 
parts of cold or .3 parts of boiling water. When treated with acids it gives 
precipitates that are soluble in hydrochloric acid or tarUric acid. Tartar 
emetic is, as its name implies, an emetic, and is poisonous if taken in a 
large quantity. Of late it lias been replaced by the cheaper akalinc double 
salts of antimony fiuoride, the most important of which is 

Ammonium Antimonfiuo&ulphatet 
(SbF„(NHJ,SO, with 46-94- per cent, oxide of antimony) 

This compound crystallises very easily in the hexagonal system, and is 
the most readily soluble salt of the whole group of antimony fluoride double 

• Of late antimony sulphide is largely used for colour manufacturing purposes. In 
France, and especially in Italy, tlie manufacture of antimony white, as a suhatitute for 
white lead, has made a great advance, facilitated by prohibitive laws against white lead 
pigments. [TRANSLATOR.] 

t The lactic acid salts have lately somewhat displaced the antimony salts for the 
purposes mentioned. [Translator.] Seo Farberi’Ztg, xni, iTl, 
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salts. 1 part of water dissolves at ‘2C. I t parts of this salt, and at boiling 
temperature 1 jwirt of water will dissolve as nuich as l.> parts f»f the salt. 


e. AB-SENIC COMPOUNDS 
Arsenic {^4rxe?noiix yicid A%0^; rnol. w., lf)H) 

Arsenic—viz., arsenious anhydride—occurs naturally, ihouj^h rarely, a.s 
so-called arsenic Howers. The artificially nianufactured arsenic crystallises 
generally in l)rilliant transparent octahedra <»f the tesseral system, some¬ 
times, Jiowever, in the rhombic system, and is therefore dimorphous. When 
heated, arsenic volatili.scs, witliout previous fusion, and forms a colourless 
vapour, which comlenses as a sublimate on cold ImkHcs, Fimdy ground, it 
forms a den.se white, odourless, and nearly ta.'telcss powder, rather sparingly 
soluble in water. It is more readily soluble in caustie alkalies or alkali car¬ 
bonate, by means of which the technical arsenic solutions arc made. Arsenic 
is readily soluble in hydrochloric acid. On iieating arsenic to its volatilisation 
temperature for some time it becomes amorphous and fuses to a colourless, 
transparent glass, wliich, however, becomes cloudy in the air, afterwards 
porcelain white, and at last quite opa(nie -- i.i'., reverts to the cryst/dliue 
modification. The amorphous (vitreous) modification of arseuious acid has 
quite a different physical character from the crystalline form, it being, for 
instance, much more readily soluhh^ and in greater (juantities than the 
crystalline arsenic—1 part of crystalline arsenicr rt'cpiires parl.s of water 
(15® C.) for its solution, whereas 1 part of the amorplious'modification 
needs only 108 parts at the same temj)erature. At boiling heat the differ¬ 
ence is less considerable, 1 part of crystalline arsenic being dissolved by 
parts of water, 1 part of amorphous arsenic by .‘10 parts of water. 

Ar.senious acid is one of the most violent poisons known (.see “ Arsenic 
Disease'’). 

Arsenic is manufactured by roasting arsenic ores. It is obtained from 
cobalt, nickel, tin, and silver ores containing arsenic as a by-product at blue 
colour works (see p. 200) in the metallurgical treatment of tin, silver, 
&c. The ores containing arsenic are there roasted in reverberatory furnaces, 
and the fumes are le<l through flues and chambers, where tliey sublime to a 
white mass. Small quantities of antimony oxide and sulphide are some¬ 
times fouiul in the arsenious acid. 

Arsenic is used in colour manufacture for producing emerald green and 
other arsenic copper colours. Commercial arsenic, if not adulterated, will 
contain only coke ash in small quantities as a mechanioal impurity, and 
should therefore be entirely volatile. The sublimation i.s performed best 
in a porcelain dish, covered with another or with a cover-glass. If when 
the test is carefully applied, viz., at a moderate temperature, the first 
portion of the sublimate has a slight reddish tinge, the arsenic contains 
small quantities of sulphur. Selenium is revealed in commercial grades by 
a reddish shade, 'i’he amount of selenium can be tested for by heating the 
arsenic in question with a solution of potassium cyanide. This latter 
removes the whole of the extremely finely distributed .selenium, which can 
then be precipitated with dilute hydrochloric acid. 



The vitreous modification of arsenic, known in the trade as/mce giassj 
must ho purer too than, the crystalline arsenic, bein^ obtained from the 
latter by siiblimalion. Wliile ^lass of a reildish shade (m/ a/w/nV g/«.v.v) is' 
contaminated witli lead or iron sulphide IVoni the sublimation. Yellow 
amnic glasH contains free sulpliur also from the sublimation. 


d. BARIUM SALTS 
Barium Carbonate (HaC().j; mol. w., 1.07) 

'rhis sail occurs native as the miner.al inllwrile (see Karth coloun), 
crystallises in rhombic columns, and serves as a raw material in tlie manufac¬ 
ture of the barium salts. It is .artificially obtained as a while, amorphous, 
earthy, tasteless, and inodorous powder by precipitating a soluble barium salt 
with sodium carbonate (see Lake colours). It is soluble in nitric and hydro¬ 
chloric acids, and in w.ater containing carbonic acid. Barium c.arbonate is 
poisonous. ^ 


Barium Sulphate (BaSO,; mol. w., 232 7) 

is found native in very considerable (piantities as so-called bariftes, heavy 
spar, or, as it is termed by lead-miners, cawk. It is abundantly 
found ill (fCrmany, and in very large quantities in Derbyshire, while in 
Cornwall, Devonshire, Cumberland, and some parts of Wales and Ireland it 
is also found and worked. Native barytes can, like witherite, serve as 
a raw material for the production of other barium salts, but, as explaimd on 
p. 77, is rather troublesome to work. 'I'lie ortifwial haiium suljfliate, 
blanc fhve, sometimes called pernianenf white, is obtained by jirccipitathig 
a soluble barium salt with sulphuric acid The v.irlous methods of manu¬ 
facturing permanent white have been already described in Part 1. (see 
p. 75). As a by-product, blanc fixe is formed in considerable quantities 
in the manufacture of hydrogen peroxide from the precipitation of barium 
peroxide with sulphuric acid. It is a white, earthy, very heavy, tasteless, 
inodorous powder, insoluble in water and acids, and only very sparingly 
soluble in dilute sulphuric acid. In consequeiiec, all the barium salts can 
be tested for with dilute sulpliuric acid. Conversely, soluble barium salts arc 
used in testing for sulphuric .acid. 

Barium Chloride (BaCL i 2ll/); mol. w., 241) 

'Phis combination is of very great importance in colour manufacture^, 
and especially in the {iroductioii of lakes. It crystallises from aqueous 
solutions ns transparent rhombic plates, readily soluble in water. It is 
nearly insoluble in conceiilratcd hydrochloric or nitric acid. In the 
aiihyrlroiis stale barium chloride forms a white mass, rt;adily soluble In' 
water, and fuses at a strong red lieat. The aqueous solutions are of a di?; 
agreeable sharp taste, and are extremely poisonous. Crystallised barium, 
chloride is obtained !)y dissolving barium carbonate or barium sulphide in, 
hydrochloric acid (see pp. 7.5 and 77). It has the power of precipitatiiij^. 
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the aeifl coul-Ur dyes from aqueous soluti<»ns, us beautiful coloured bodies, 
mostly (juite fist t<» water. Ou this property is based tlie practical applica¬ 
tion of barium cldoride in the nianutaclure of colour lakes. 


Barium Sulphide (HaS; mol. w., H)<)) 

'i'hc inanufaeturc of tliis substance has been described on p. 77. It 
forms a grey white to greyish yellow crystalline (n* j;rHnular mass, which de¬ 
composes in water to l»arium hydroxide ami barium liydrosulphide Ba(SII)^; 
-•.iBa.S-t-!.,() ■ JJa(()II )^-t-Hn(Sil)j. The i)oIysulplii<les of barium are 
obtained by boiIiii<r ibe inonosul|)bide (BaS) with solpbur. 

Tests for Barimn (impounds 

VVitli a(|ueous or acidified solutions of barium saUs, dilute sulphuric acid 
immediately forms a slronjf, dense white precij)itate. When a very small 
quantity of barium is present this white ju'ecipicalc forms slowly, and as a 
-turbidity only. The barium salts are precipitated by solutions of jrypsum 
(calcium sulphate). Barium chloride and Imrium nitrate give a yellowish 
green colour to the non-lumitious part of the Bunsen fiaine. 


c. LEAD COMPOUNDS 
Neutral Lead Carbonate (PbCO,; mol. w., 

'I'his compound is found native as cenissite, mostly in the form of white 
transparent, well-defined rhombic crystals. It is artifically obtained by pre¬ 
cipitating soluble lead salts with alkali cnrlumates, and forms then a dense 
white powder insoluble in water. It is very easily decojnposcd by dilute mineral 
acids, carbon dioxide being liberated. It is obtained in the purest state by 
precipitating a solution of neutral lead acetate (sugar of lead) or lead nitrate 
with ammonium carbonate. Neutral lead solutions also give with sodium 
or potassium carbonate a pre<‘ipitale of lead carbonate, but tlie e<nn|)osition 
of the precipitate varies according to the concentration and temperature, 
and has not yet been exactly defined. 

Basic Lead Carbonate {fV/iite Lead) 

'i’hc mamifuctnre and properties of white lead have been thoroughly 
described in the second part (sec pp. 8f)~l 18). 

Lead Sulphate (PbSO,; mol. w., 

This substance occurs native as the mineral aag/c.vi/e, and erystalli.ses in 
the rhombic system. It is artifically obtained by the precipitation of a 
^solubie lead salt with sulphuric acid or soluble sulphates, as a dense white 
precipitate, forming a soft white powder when dried. It is absolutely 
' insohilde in water and dilute acids; and tbongli, like !)arinin sulphate, it is 
^appreciably soluble in concentrated sulphuric acid, it separates agaijj on 
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dilution witli water. Lead .sulphate dissolves in strong nitric acia on Dou- 
ing for some time. It is undecomposed by heat, though it fuses and 
acquires a crystalline character when recooled. At red heat, in pre-: 
sence of carbon, it is completely reduced to metallic lead, whilst sul¬ 
phur dioxide escapes. It is also reduced to metallic lead by zinc in a 
solution of common salt. 

Lead sulphate is chicdy used in colour manufacture in a pasty state as 
an addition to the lead chromates, and as a base for litho printer s lakes from 
coal-tar dyes. For these purposes it is obtained, as a by product of the 
manufacture of aluminium acetate, from lead acetate and aluminium sul¬ 
phate in the form of a paste containing variable proportions of water. It 
must always be thoroughly washed before use. 

Lead Nitrate (Pb{NO.,),; mol. w., 3.S0) 

This salt forms large milk-white or opaque octahedral crystals, obtained 
by dissolving metallic lead or litliarge in dilute nitric acid and evaporating the 
solution. It is soluble in cold water, very readily so in liot water, aiid serves 
numerous purposes in the manufacture of colours—c.g., lead chromates or 
certain aniline lakes (vermilionettes and geranium lakes). 

Neutral Lead Acetate (Sugar of Lead \ + 3H,0; mol. w., .S78) 

crystallises in large transparent moiioclinic plates or columns, speedily 
efflorescing in the air. Sugar of lead is readily soluble in water, very 
sparingly soluble in alcohol. The solution lias at first a sweet, but after¬ 
wards disgusting, metallic taste. When dissolved in the ordinary more or 
less hard taj) water tlie solution is generally cloudy, and clarifies on the 
addition of a little acetic acid. This peculiarity is due to the lime content 
of the water, which precipitates very finely divided lead hydroxide, the 
latter heir»g converted into lead acetate by the free acetic acid added. 
Sugar of lead is manufactured by dissolving metallic lead or litharge in 
acetic acid. Tlie pure kinds are obtained by a repeated crystallisation. 
Sugar of lead is very poisonous, In the manufacture of colours it is mostly 
used for producing chromates (chromes, orange chrome, red chrome), the 
various lead carbonates, lead sulj)hate, (tc. It also serves as a precipitating 
agent in the manufacture of lakes. On being heated it decomposes to lead 
carbonate and acetone. 


Basic Lead Acetate 

Sugar of lead will dissolve, further, considerable quantities of lead oxide, 
basic salts of variable composition being formed. They are known as mono-, 
di', and tri-basic acetates. TJie last-named, 2 Pb(CjH 30 ,), -I- 2PbO, is some¬ 
times used under the name lead vinegar. In general they serve the same 
purposes as sugar of lead (see pp. 107-109; 138; 144). 

Lead Chloride (PbCk; mol. w., 277) 

1’his compound is found native, as the mineral cohmnile, in the crater of 
Vesuvius. It is best obtained artificially by treating lead oxide with hydro- 
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chloric acid, or hy precipitating a soluble lead salt witli a solution of common 
salt, and then forms a dense crystalline white precipitate. Jt is sparingly 
soluble in cold water, but easily and conipleti^ly soluble in hot'water. When 
strongly heated the crystals melt, and when recooled, form a horny mass 
(sometimes called horn lead) that can l)e cut with a knife. Neutral lead 
chloride combines with lead oxide to form (probably) basic chlorides, the 
production and properties of which have already been described under chrome 
yellow (see pp. I.‘>3-1.‘^5). 


Lead Oxide (PbO ; mol. w., 222-4) 

There are two modifications of lead oxide (see p. 2.^8), one pale 
lemon, the other of a yellowish red colour. 'Fhe former melts when heated 
to redness, and changes into the second modification. On recooling it 
forms a crystalline mass, volatilising at white heat. Lead oxide is moderately 
soluble in water, but is readily soluble in nitric or acetic acid. The yellow 
modification, the production of which has already been described on page 
25}), is the “dross,” or so-called ftia.mi-of. The reddish yellow modification, 
lilhnrge, is formed as a by-product in the metallurgical treatment of silver 
and gold. 

Lead Sesquioxido (Pbp ; mol. w., 428 S) 

Tliis oxide is a velvety black powder, which when treated with acids at 
400° with exclusion of air, decomposes to metallic lead and lead oxide. 
The “ browning ” of the metallic lead on exposure to the air seems to be 
due to the formation of this sescpiioxide. When heated in the air lead 
sesquioxide forms lead oxide (see p. 9^S). 

Lead Peroxide (PbO^; mol. w., 238*4) 

is found native as a mineral in rhombohedral crystals, or in lumps of an 
iron-black colour. If prepared artificially it forms a dense, dark grey, amor¬ 
phous powder, easily decomposing, when heated, to lead oxide, whilst free 
oxygen escapes. It is therefore a powerful oxidising agent. When treated 
with concentrated sulphuric acid it tlisengages oxygen gas; with hydro¬ 
chloric acid, chlorine; the corresponding lead salts being left. Lead per¬ 
oxide is decomposed by the influence of light to red lead (Pbj(\ or Pl\Oj) 
and oxygen gas. It is best obtained by treating red lead with nitric acid 
(see p. 2.58). By precipitating a solution of sugar of lend with sodium 
carbonate, and afterwards with chlorine gas, lead peroxide is also obtained 
ill a very pure state. Chlorine hereby exerts an oxidising effect on the lead 
oxide by the decomposition of water. 


Tests for Lead Cotnpomds 

Except when changed in character by coloured acids (for instance, 
chromic acid), the lead salts are, without exception, colourless bodies, and 
only a few are soluble in water. Their solutions have an unpleasant sweet 
taste, redden litmus paper (acid reaction), and when treated with caustic soda 
or potash deposit a white precipitate of leatl hydroxide, soluble in an excess 
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ijj if I sulphide forms with acid solutions of the 

lead sal ts a dense b ach precipitate of lead sulphide. When treated with 
sulphuric acid or soluble sulphates a dense white precipitate of lead sulphate 
IS formed, insoluble in water or dilute acids. Hydrochloric acid throws 
down from concentrated solutions a white precipitate of lead chloride, com- 
pletely solub e in hot water. If metallic cadmium or tin is placed in 
solutions of the_ lead salts metallic lead is deposited in a very peculiar form 

charcoal, the lead salts form a yellow incrustation of lead oxide, beads of 
metallic lead being also formed by reduction. All lead compounds are 
poisonous, and when taken in small doses into the human body cLise some- 
times a peculiar disease, lead colic (see p. Il6). 

The analysts of the lead salts in colour works is generally limited to the 
llthlrge"*^*”" su'pl'ate, lead nitrate, red lead, and 

Sugar 0 /W --VVhen the solution is precipitated (as a qualitative test) 
with hydrogen sulphide the filtrate should not leave any re.'idue on evapo¬ 
ration. The pure white commercial product seldom contains more than 
2 per cent, of impurities. Intentional adulteration is very rare. Sometimes 
cheaper brands are found on the market, stained yellow or brown bv the 
acetic acid used 111 their manufacture (iiyroligneousacid), Kicn these clieap 
brands are free Irom intentional adulteration, any clieap admixed salts like 
Olauber salt common salt, &c., being easily detected. In the analysis of 
sug.ii of lead it must always be remembered tliat this s.dt is readilv d'ecom- 
po.scd by the earbonie acid of the air, the liberated acetic acid volatilisin.. 
and le.iMng a solid salt which does not dissolve completely in hot distilled 
water, but (lej)usits lead (rarboimle. 

I he water content is ilcterinined by drying at 120''C. 'I'lie ordinarv 
proportion IS 1 l-2o per cent, (according to the formula l‘h(C'.ll (),),,;iH O 
r ffins, of anhydrous .sugar of lead arc di.ssolved'in hot 

disti led water, and filtered through a tared filter into a 2.)0 cc flask 
Lead carbonate remains on the filter, and can be afUTwards ilried ami 
weighe. direct. oO c.e. of the solution, 2 grms. of the salt, are diluted with 
water, strongly heated, and treated with an excess of oxalic acid. A white 
precipitate ol lead oxalate is formed, which coalesces at boiling heat and 
can be decomposed after sufficient washing with suliihiiric acid. i.ead 
sulphate is separated from the solution of the oxalic acid, and this latter is 
Ltrated with a standardised solution of potassium permanganate. Here 

feV ' X .T.'iH2 = sugar of lead. To determine the 

acetic acid oO c.c. of the solution are boiled with a weighed excess of 
normal saidium carbonate, the resulting lead carbonate is filtered, and the 
excess of the .soda titrated back with normal hydrochloric acid. The rest 
gives anhydrous acetic acid, = 26 !)21 per cent, of the pure salt 
. Uad Salphale -A sufficiently exact test for lead sulphate is to wash a 
large sample of the paste (a.i to 50 grins.), first with dilute sulphuric acid, 
and afterwards with warm water, the residue being dried and weighed. A 
quantitative test should always be made for blane fixe, gypsum, or clav which 
may be present as an adulteration. Blanc fixe and clay .are tested for bv 
boiling the washed lead sulphate paste with soda, until it is entirely con¬ 
verted into lead carbonate. It is then filtered, washed, and the residue on , 



BORON COM Wf 

th6 filter is dissolved with iiitiio acid. If bluiic fixe and clay arc present 
they remain undissolved, (aieiuni sidpliate is tested for by treatijig the 
pjiste with hydroehlorie aeid (jrypsuin Ix ing soluble with this aeid), the 
filtrate being tested with barium chloride. 

fj‘a<l nitrule is mueli less used tlian sugar of lead in colour-making. 
Being sparingly soluble, it is rarely adulterated. Hence a j)crfeetly clear 
solution in water is already a good sign of tpialily. In the case of moist 
goods tests must be made for the moisture eontent, and, if necessary, for 
lead. 

lied Intentional adulterations with lead oxide could be easily 

detected by the dull appearance of the ware; and only bright sorts slnndd 
be used in colour-making. Hence it is seldom necessary to lest the per¬ 
centage of lead peroxide, the examination being restriete<l to l)aryles, brick 
dust or coal-tar dyes. 'Phe first two named are found by boiling the red 
lead with nitric acid and alcohol (see p. 2.'i8), red lead being readily dis¬ 
solved, while the adulterations remain behind. 

If on shaking red lead up with alcohol the latter becomes yellowish or 
reddish, or .shows a more ^»r less pronounee<l greenish fluorescen<‘e, the 
presence of coal-tar dyc.s is indicated. These adulterations, however, are 
comparatively rare. 

Lead (hide (litharge, <fec.).—The oxide being readily soluble in acetic 
or nitric acid, any adulterations with barytes, ochres, brick dust, A’C.—very 
seldom met with—can he easily and immediately detected. 


./: BORON COMPOUNDS 
Boric Acid [Bomek Acid\ H^UOj; mol. w., ()2) 

Boric acid Is fcaind native, partly In the free state and partly in combina¬ 
tion with alkalies. In the free state it is found in the vapours an<l gases of 
certain volcanoes and several hot springs, especially in Italy, California, 
the State of Nevada, and several other places. The most imj)ortant sources 
of the acid in Italy are the Marevmaoi Tu.<tcanj/. 'Hie hot vapours issue from 
fissures in the earth, especially at Monte Cerboli, M. RotoiKlo,Siisso. Serrazano, 
Lago, Castel Nuovo, Ac., generally in con.siderable quantities. 'Phey have a 
very liigh temperature, and contain, in addition to steam and boric acid, 
carbonic acid, sal ammoniac, and liy<lrogen sulphide. 1 he springs arc 
called fnmaroU or xujjiotn. 'Po {»htain the boric acid, a nmnher of brick 
tanks, filled with water,ar<? built in terraces.and as many as possible natural 
or artificial (bored) /ioaamA arc eoiulucte<l into the tanks. The water 
stands for a certain lime in liie highest tank, from which it runs, for 
saturating purposes, into the next one below, the emptied tank being filled up 
again with water, and so on. When the water is fully saturated with boric 
acid it is finally run into large brick rolleeling basins, where the coarse 
admixtures gr.idually settle down, 'i'he clear sc»!iiti(m is then concentrated 
in pans, heated by the hot vapours of the funumdi, and the pure acid is 
)btaiiu‘d by repented reerystallisation. 

Crystallised boric acid forms white tabular or s<;aliform crystals, greasy 
to the touch, and with a nacreous lustre. Boric acid dissolves somewluit 
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sparingly in cold water, but more readily in hot water, and the solutions 
have a peculiar bitter taste. On recooling the hot solution a copious 
deposition of crystals occurs. When heated, boric acid intumesces con¬ 
siderably, and if exjwsed to a temperature of 80"^ C. for some time j)art5 
with one molecule of water: HyO = HBO.^. It melts at lf)0° C. to 

a colourless liquid, and when heated more strongly ioscs a further quantity 
of water, and forms the anhydride : 

This latter is a colourless, trans])arent glass, changing back after a certain 
time in tlie air to the hydrate by reabsorption of water. 

Boric acid is used in colour manufacture for producing (luignet’s 
green. 

Borax (Sodium Borate; Na,B^()j+ lOH^O ; mol. w., 

I'his is the most important salt of boric acid, and is sometimes used in 
colour-making. It finaiis colourless, transparent, more or less efflorescent, 
monoclinic crystals, w'hich, when heated, intumesce considerably and part 
with water of cry.stallisatioji. Borax tastes sligidly alkaline, and dissolves in 
water to an alkaline solution. 'J'he crystals melt at a high temperature to a 
clear glass, which soon becomes cloudy, probably by absorption of water. 

It is manufactured on a large scale from the boric acid of the su/Jioni, 
and is found too in the water of sever.-il lakes in Chin.a, Tibet, and other 
Asiatic countries, whence it comes on the market as “ tinea).” 

Boron compounds give in the reducing flame acluiractcristicgreen colora¬ 
tion. Tlie quantitative determination of boric acid is very diflicult, sinceit 
forms no salts that are quite insoluble in water. It must therefore be 
c.stimated by difference after all other constituents of the compound under 
examination have been determined. 


g. CADMIUM COMPOUNDS 

Cadmium Sulphate (CdSO, + HI/I; mol. w., iiHO) 

is the only salt used in colour-making. 'J'he method of manufacture has 
already been described on p. 1 'I'he salt forms large, hard, colourless, 
transparent crystals, readily soluble in water. 

The cadmium compounds give with hydrogen sulphide a yellow pre¬ 
cipitate that is insoluble in ammonium sulphide. When heated with soda 
on charcoal before the blowpipe they give a multicoloured incrustation. 
Aqueous solutions of cadmium compounds redden litmus paj)er. Caustic 
alkalies give a white precipitate, insoluble in excess of the precipitating agent. 
Cadmium is determined quantitatively as sulphide or oxide (by calcining the 
carbonate). 


k. CALCIUM COMPOUNDS 

Calcium Chloride (CaCl^ 4-61 I^O; mol. w., 219) 

In the calcined (anhydrous) state calcium chloride is a white, porous, 
pumice-like mass, with a sharp, bitter taste. When strongly heated in the 
air it melts, and parts with chlorine, the resulting solution then having an 
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alkaline reaction. Calciinii chloride is very hygroscopic and readily deli- 
quescent, and must therefore be ke])t in tightly closed vessels. It dissolves 
in water with a considerable disengagement of heat. After a careful con¬ 
centration the solution deposits crystals with six molecules of water, which 
deliquesce very easily. These hexagonal crystals dissolve in water with 
absorf)tion of heat, ami when heated pu t with the whole of their water of 
crystallisation. 

Calcium chloride is best obtained by dissolving calcium carbonate (chalk, 
marble waste, ike.) in commercial hydrochloric acid, with a brisk evolution 
of carhoii dioxide. 

+ oiici VnCl + up + (XL. 

Calcium carlimiatc Ifyihoclilorie acid 

To free the product from iron the completely saturated solution is treated 
with a thin milk of lime and tlioroughly well stirred for some time, w’here- 
ujxm all the iron in the solution is precipitated as ferric hydroxide and 
ferric oxide in the form of a greyish yellow mini. 'I’he top liquor is then 
filtered through cloth or straw. Calcium chloride is obtained as a by-product 
In the manufacture of (ammonia) soda. In colour manufacture it is used as 
a precipitating agent for many coal-tar dyes, and| in the mamifaclure of 
artificial lime carbonate. 

Calcium Carbonate (CaCO.,; mol. w., 100) 

Tile native calcium carbonate has been thoroughly described with the 
white earth colours (see '‘(.'balk"). Calcium carbonate is obtained artificially us 
a soft white powder by precipitating a solution of a cal<*iuin salt with soda. It 
is sometimes used as a base for colour lakes. If the calcium solution is 
treated with soda a slimy mass is first formed, turning hy-and-by into a white 
precipitate, which settles down to the bottom. Stirring considerably assists 
tlie formation of the precipitate. 

The chemical reaction is explained by the following equation : 

CaCl, + Na^CO., = CaCCL + 2NaCl. 

The precipitate is washed with pure water until all the sodium chloride 
is removed, in most cases this is, however, unnecessary. 

Calcium Sulphate (UypvKw; CaS(L + ; mol. w., 172) 

Native gypsum is thoroughly described under Earth mhurs. Artificial 
calcium sulphate is olitained as a by product in many factories as a fine white, 
light powder suitable for mixing with specifically light lead chromates. 

Calcium Hypochlorite (Ca(OCl), + Mfl ; mol. w., 214 5) 

This salt is the active agent in the bleaching powder now so largely used, 
which is a mixture of calcium hyiwchlorite, calcium chloride, and calcium 
hydroxide. According to Odiing, its formula is CaOCL. The l)leaching 
powder is a white, sometimes moist, easily agglomerated powder, with a 
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slight odour of chlorine. In water it parts with the caloiiim hy|)ochlorite 
and calcium chloride, tlie hydroxide being left. 'I'lie a(jueous extract has a 
slightly greenish yellow colour, and when treated with acids disengages 
considerable quantities of chlorine. Bleaching powder is decomposed by 
the weakest acids, even by carbonic acid, forming with this latter calcium 
carbonate and free hypochlorous acid, this latter immediately decomposing 
into free chlorine and oxygen. The same reaction takes place if bleaching 
powder is treated with soda: 

1. Ca(OCl), + CO, = CaCO, + 2C1 + 0; 

2. Ca(OCl), + Na,CO, + H,0 = CaCO, + 2N’aOH + 2C1 + O; 
or with dilute sulphuric acid : 

3. Ca(OCl), + 11,80^ = CaSO, + H,0 + 2C1 + O. 

Still more important, however, is the treatment with hydrochloric acid, 
which latter also furnishes chlorine, four atoms being therefore liberated. 

4. Ca(OCl), + 411C1 = CaCl, + 2H,0 + 4C1. 

The oxidising eifect of the liberated chlorine by one or other of the 
above reactions is based on the decomposition of water, whereby hydro¬ 
chloric acid is formed and oxygen disengaged : H,0 4 2C1 =2HCl-t-(). One 
molecule of calcium hypochlorite therefore has the same oxidising effect as two 
atoms ot’oxy* 5 en. 

In the manufacture of hleachitig poivder chlorine gas is led into chandjers 
containing a layer of lime slaked to a powder. I liis quickly ab.sorbs the 
chlorine, heat being disengaged: 

2Ca(0H), -I- 4 Cl = Ca(CIO), + CaCI, + 2fl,0. 

The chambers are constructed of earthenw.are tiles, sandstone flags, or 
bricks, painted over with asphaltum varnish or coal tar, asphaltum mastic 
being used as a vehicle. The temireralure in the chambers should not 
exceed . 1(1 ('..otherwise potassium chlorate would be fornii-d, a substance 
of no bleaching action. Bleaching powder is generally inanufaeliired at 
soda works in order to utilise the hydrochloric acid obtained as a by¬ 
product. Cblorine gas is set free when manganese dioxide is treated with 
hydrochloric acid. 

Bleaching powder is often used in colour-making as an oxidising agent, 
esptcially in the manufacture of I’russi.in blue. 


Tail for Calcium Sails 

The a(iueous solutions of the calcium salts arc precipitated by alkali 
o.xalates, carbonates, and phosphates. Sulphuric acid au(l sulphates form 
a precipitate of white calcium snljihate with concentrated solutions. The 
calcium salts that are insoluble or nearly insoluble in water generally dissolve 
in hydrochloric acid or nitric acid. Calcium oxalate is in.soluble in acetic 
or oxalic acid. Calcium salts give a reddish yellow tinge to the lower part 
of the Bunsen flame. 
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i. CHROMIUM COMPOUNDS • 

Chromium Salts 

Besides potasnium and xodiuin hickromatn, the preparation of* wliich has 
been tlioroughly described in the manufacture of the lead chromates (see p. 
135), use is sometimes made in colour making of the chromium sulphate 
and chrome alum, which may therefore be briefly described. 

Chromium Sulphate (Cr,{SOJj + 1811,0; mol. w., 718) 

Chromium sulphate crystallises in blue-violet octahedra, and is obtained 
by dissolving chromium hydroxide in sulphuric acid. The violet ucpieous 
jiolution of these crystals turns into green when heated, and furnishes on 
evaporation a green amorphous m.ass, which dissolves in water to a green; 
solution. This on standing reverts to the violet form. 

Chrome Alum (Votammn Chrojnitm Sulphate; CtK(S()^),+ ISlK),, or 
analogous to Potassium Alum, K,Cr,{S0^)^-t-2 tH 30 ; mol. w., 91)9) 

On heating potassium bichromate with sulphuric acid and alcohol, the 
chromic acid is reduced to chromic oxide. The red-colourcd liquid gradually 
turns green, and on prolonged standing to violet. When cold again it 
deposits large dark violet to black-red coloured octahedra, chrome alum. 
It is also formed as a by-product in the manufacture of certain coal-tar dyes; 
for instance, aniline violet, anthracene red, aniline green, <Vc., in making 
anthrachinone. It has tlie same properties as ordinary alum (potassium 
alum). Chrome alum dissolves in water to a violet solution, turning green 
when heated. I’lie solution contains the two salts in a separated condition. 
After prolonged standing the violet colour returns. Chrome alum is some¬ 
times used but only in very small quantities—for precipitating certain coal- 
tar dyes in the manufacture of lakes. The chromium salts are tested for 
before the blowpipe by the borax bead, to which they impart a clmractcristic 
green coloration. 

Quantitative Analysis of the Chromates 

Sodium and Votamum Bichromates, Lead Chromate 

Commercial potassium bichromate is, as a rule, very pure (98 to 99 per cent.). 
It nearly always contains a small quantity of potassium sulphate (0 to 1 per 
cent.), and a very small residue, insoluble in water (()'25 to O'o per cent.). It 
is usually guaranteed to conUin f)7’.5 to f)8 per cent, of chromic acid. 

Sodium hhhromale, made on the large scale, is generally less pure tlian 
the potassium salt. The content of Glauber salt is larger, and the residue, 
insoluble in water, is suinetimes considerable, llie adherent moisture being 
also often considerable. It is manufactured eitlier in a finely crystallised- 

♦ Aaothur cleimiiit Iwlonging to the same groii|) of inetid.s, Vnmiiiiu, is now hecorniug 
a now matoriul for colour manufacture, t.f*., t'ruaiviu pitc/i ore, th«> native L'rjiniuin com-, 
pound. At .Joaeliimsthul (Hohemia) the ore.s are now worked up on n largu srjile to 
Urannim colours, the most im|>orlant of winch, Uranium yelloo', is ii.-^ed for at /rma 
painting, and also for colouring glitsM and chiim ware. [Tka^slatuu. ] 
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form with two molecules of water of crystallisation or in an anhydrous state as 
irregular lumps with a guaranteed content of 73 to 74 per cent, of chromic 
acid. Tlje chromic acid being the sole important constituent for practical 
purposes, the examination is generally limited to that acid if the external 
appearance of the sample does not afford a sufficient guarantee of purity. 

Titration with Potassium Permanganate 

The solution of the salt, after being acidified with sulphuric acid, is 
first treated with a known excess of iron ammonium sulphate. The existi!Jg 
ferrous sulphate is oxidised by tlie chromic acid to ferric sulphate, the 
chromic acid being thereby reduced to chromous sulphate : 

fiFeSO, + GCrO^ + 6H,SO, = 3Fe,(SO,)3 + + bH/). 

The solution is strongly diluted witli boiled water, and the (piantity of 
ferrous sulphate left unoxidised by the chromic acid is titrated with per¬ 
manganate (see analysis of lead chromate). 


(hmplele Analysis 

A weighed quantity of chromate is dissolved in water, the chromic acid 
reduced by boiling with hydrochloric acid and alcohol to chromium chloride, 
and the chromium hydroxide precipitated at boiling tcm])crature by means 
of ammonia (in presence of a little ammonium sulphide). It is then filtered, 
washed with hot w'ater, dried, heated to faint redness, and weighed as 
chromic oxide. The filtrate is evaporated first in a |)latimim dish, finally in 
a weighed platinum crucible, and the residue licated to redness to rcnif)ve 
ammonium salts entirely. The residual potassium chloride is then weighed. 
If the chromate contains sulphuric acid the potassium must be weighed as 
sulphate. 'I'he dry mass in the platinum crucible is afterwards moistened 
with sulphuric acid, heated until no more sulphuric acid fumes are given 
off, and then calcined. The last traces of the sulphuric acid fumes are re¬ 
moved by the addition of very little ammonium carbonate, heating to redness 
once more. The addition of the salt must be repeated until two weigliings 
give the same result. 

To determine the sulphuric acid, barium sulphate and chromate are 
precipitated from the a(jueous solutions of tlie salts witJi barium chloride, 
and reduced by heating with hydrochloric acid and alcohol. Barium chromate 
thus dissolves a chromo-chloride. The barium sulpliate residue must be boiled 
with hydrochloric acid several times, and thoroughly well washed.* 

Lead Chromate (“ Chromes ”) 

The best test for chromic acid—viz., for barytes—is potassium per¬ 
manganate and ferrous-ammonium sulphate, permanganate solution being 
then added until the whole liquor begins to assume a pink tinge. The 
acid protosalts imme<liately decolorise the potassium permanganate, the 
ferrous oxide being partly converted into ferric oxide. At first the red 
stream of permanganate solution disappears immediately, if the liquid is 
shaken, but less rapidly as this addition is continued, until suddenly the 

* 1. Analysist 1888-8y, vol. i. 
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whole liquid turns re<l, indicating; ro!n[)lete oxidation. The solutions of the 
ferric salts have no reaction on jK'nnan^analc. 'I'lic voliinu* of tin' per¬ 
manganate solution left in tin' Inirettc is then read oH'. It may be assumed 
that 1 gnu. of feiTo-amnionium sulphate reijuires ()',*> c.c. of permanganate 
solution for its complolo oxidation. 

Five grammes of the chrcmie yellow are now weighed out, made into a 
thin paste with water and coin'cntrated hydroeliloric acid, and placed in n 
flask of exactly the same size as used tor the trial with ferro-ammoniuin 
sulphate. Tiiis flask is half tilled witli water, and 2 gnus, of ammonium 
ferrous sulphate are ad(led, and well shaken until the latter is entirely 
dissolved. The action of the ferrous oxide upon the chromic acid may be 
explained by the following e(|uation ; 

2Cr(), + (iFeO - Cr,(\ + SFe^Oj 

(iironiic acid Ferrous o.vidc Clirouiiuiu oxide Ferric oxide. 


The ferrous oxide therefore take.s oxygen from tile chromic acid, and 
reduces it to chromide oxide, whilst itself liecoming oxidised to ferric oxide. 
The oxidation is revealed by the liquid in the bottom turning green. 
WJien this occurs the permanganate solution is added drop by drop to oxidise 
the ferrous oxide left imoxidised by the chromic acid. Fb c.c. of the 
same permanganate solution as used before may be assumed to be necessary 
for this purpose. 

From these 4 b c.c. of permanganate solution the quantity of ferrous 
oxide left imoxidised by the chromic acid can now be calculated. This 
quantity deducted from tlie 2 grins, of ferrous ammonium sulpliate gives the 
amount of ferrous oxide necessary to convert the whole of tlie chromic 
acid into cliromie oxide. Bearing in miml the previous test, in whicli 
1 grni. of ferrous ammonium sulphate reejuired b',*) c c, of permanganate 
solution for its complete oxidation, the quantity necessary for 4 b c.c. can 
be ascertained by the following equation: I : () !> -■ .v : 4'b, wherefore 
4* b 

j; = _ = O'TO"? grin, of ferrous ammonium sulphate. 


Moreover, 2-()'7077 = 1 2923 grms. of ammonium sulphate is oxidised 
by the existing cliromic acid. From this figure the quantity of potassium 
bichromate in the weighed quantity of chrome yellow can be calculated, 
since 1 ferrous ammonium sulphate x 0'12bl2 = 1 potassium bichromate; 
but since 1*292.3 ferrous ammonium sulphate are wanted, the corresponding 
quantity of potassium bichromate must be r292.3 x 0'12b42 =»0*lb.3.372,5bb, 
or,* shortly, () lb.34 gnu. The 5 grms. of chrome yellow mixed with 
barytes require for their production 01b34 grm. of potassium bichromate. 
It is now known that 20 grms. of potassium bichromate give exactly 
44 grms. of lead chromate, from which can he calculated the quantity of 
bichromate necessary to give 5 grms. of pure chrome yellow (free from 

barytes). 20: 44 = x:5, wherefrom x = = 2 27 potassium bichromate. 

It was, however, found that grms. of lead chromate contained only 
0 1634 grm. of potassium bichromate, and from this the quantity of the pure 
lead chromate actually present can be calculated. 5 :2’27 016.34, 


wherefore x = 


0-8170 
2 27 


= 0*36; viz., 5 grms. of chrome yellow (mixed with 
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barytes) contain 0 36 grm. of pure Icjid chnmmte, or 5: 0 36 = 100 :.r « 
per cent. 

This somcwliat troublesome calculation can, however, be simplified 
For insLance, if exactly 5 grms. of the lead chromate are taken fo 
analysis in each case, the O i grm. of potassium bichromate need llieji onh 
be multiplied by ll- to ascertain the percentage of the pure lead chromate 
016.34 X 44 = 7*18 == 7-2 per cent. 

'i’he data furnished by the above example are in most cases suffieicn 
for all technical requirements. 

Besides this titrimetric method, the ordinary graviiiielric analysis can, o 
course, he employed. 


k. IRON COMPOUNDS 

Tlie various iron oxides are thoroughly described under Karlh cohvn, 
therefore the ferrous salts only need to be dealt with here. 

Ferrous Sulphate Green Vitriol ''; FeSOj + TH^O; mol. w., 278) 

This salt, mostly used in colour manufacture for producing Prussian 
blues, forms, in the pure state, [>ale bluisli green crystals of the mono- 
clinic system. The crystals effloresce easily in the air, and then become 
covered with a yellow })owder of basic ferric sulpliate, into which substance- 
they finally decompo.se. When heated, ferrous sulphate, or green vitriol, 
easily loses six molecules of water of crystallisation, the seventh molecule, how¬ 
ever, only at C. I’hereby the anhydrous salt is formed as a white powder, 
When strongly heated, ferrous sulphate decom|)oses to sulphur trioxidc and 
sulpimric acid, and then to sulphur dioxide and ferric oxide. I'roni strongly 
acid solutions it crystallises, like cop[)er sulphate, in tiie triclinie system, 
and then contains five molecules of water of crystallisation; but if crystallised 
from solution at a temperature of 80" C. it contains only four molecules 
of water of crystallisation. 

Ferrous sulphate dissolves very readily in hot water, but the solulitms arc 
rarely quite clear. If these solutions stand for some time in the air a partial 
oxidation to ferric sulphate takes place, mostly colouring the li<{ui(l a yellowish 
tinge, wliilst in ])arta basic ferric sul])halc is forinc<l as a yellow ochre pre¬ 
cipitate. 'fhe formation of these ferric salts, liowever, is prevented by adtling 
metallic iron to the vitriol solutions or by acidifying the solution with sul¬ 
phuric acid. 

Ferrous sulphate is very often obtained as a by-product—for instance, in 
the manufacture of alum. The native iron sulphide ores on standing a long 
time in the air are gradually leached by tlie rain. The solutions containing 
the ferrous sulphate are collected in large tanks containing scrap iron, and 
are thence run into the evaporating vessels, evaporated, and finally allowed 
to run into crystallising tanks, wlieii crystallisation mostly takes place very 
quickly. In copper-mining, too (cementation ])roces.s with metallic iron), 
ferrous sulphate is very often obtaiiie<l as a by-product. It is sonietimes 
manufactured by dissolving scraj) iron in chamber sulpimric acid, or with 
sulphuric acid that has been used in the manufacture of nitrobenzol or for 
refining petroleum. 
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Porrous Chloride (FeCI,+ HI/); inol. w., lf)y) 

rills salt forms pale green crystals, readily soluble in water to a pale 
green solution. It is obtained by dissolving metallic iron in hydrochloric 
acidj and eoncentratiiig the solution out of (‘ontact with air. 

Ferrous Carbonate (Fe(X),; mol. w., lib) 

is found native as the so-called xuleiite (iron spar). It is obtained artibclally 
by precipitating a soluble ferrous salt with soda as a floceulent white pre¬ 
cipitate. In the air (on drying) it absorbs oxygen and changes into ferric 
hydroxide, carbonic acid being liberated at the same time, a reddish brown 
colour being acquired. 

Neutral Ferric Sulphate (Fej(SO^)^ + f)U/); mol. w., .'ifiS) 

forms a yellowish white amorphous powder, readily soluble in water, 
furnishing a reddish yellow (in concentrated solutions a brownish red) 
solution. It is strongly hygroscopic and deliquescent. Dilute solutions of 
ferric sulphate become cloudy when heated, from the gradual deposition of 
basic ferric sulphate as an ochre-coloured precipitate. When tlie neutral 
ferric sulphate |>owder is strongly heated it decomposes, sulphur trioxide 
escaping and ferric oxide being left. 

The manufacture of ferric sulphate has already been thoroughly described 
on p, 170. 

Ferric Chloride (Pcrc4/am/e q/ /ro«; Fe^Cl^; mol. w., 825) 

is obtained by heating metallic iron in chlorine gas, and forms small brown 
flakes of metallic lustre, reatlily fusing and 8ul)liming. The crystals delitjuesce 
in air, and dissolve very readily in water to a reddish yellow solution. For 
technical purposes ferric chloride is obtained by dissolving ferric oxide 
in hydrochloric acid (see p. 171), the syrupy solutions depositing brownish 
yellow, warty, crystalline masses of the formula Fe^Cl^,-!-12H,0. The 
yellow solution of this latter compound decomposes on boiling, ferric 
hydroxide being precipitated. 


Potassium Ferrocyanide (Yellow Prmsiaie of Potash ; K^FeCy^ f 3H,(); 
mol. w., 422) 

crystallises in large, soft, pale lemon prisms, readily soluble in 4 parts 
of cold or 2 parts of boiling water. At 100° C. the crystals lose their 
water of crystallisation and become colourless. When heated out of con¬ 
tact with air potassium ferrocyanide is changed into potassium cyanide, 
nitrogen, and iron carbide, whilst on boiling with dilute acids hydrocyanic 
acid escapes. Heated with concentrated sulphuric acid, it furnishes nearly 
pure carbon monoxide. Potassium ferrocyanide is non-poisonous. 

It is manufactured by calcining potash with previously carbonised 
materials very rich in nitrogen, such as animal residues, bloc^, wool dust, 

0 
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leather scraps, &c. The iron is introduced in the form of iron filings, me- 
raw materials are fused together in a closed cast-iron vessel, or more often 
in flat cast-iron pans, forming the bed of a reverberatory furnace, 'fhe black 
calcination product is leached with boiling water, and the resulting crude 
solution is concentrated for crystallising purposes. I’he salt is obtained 
technically pure by repeated recrystallisations. 

It can also be obtained from spent gas lime by treating this latter 
with caustic lime, calcium ferrocyanide being formed. This is decomposed 
by potash and potassium chloride into potassium ferrocyanide. Tlnsproduct- 
is largely used in the manufacture of Prussian blue. 

Potassium Perricyanide (lied Prussiate of Potash ; KgFe,Cy,j; 
mol. w., 6.58) 

This salt crystallises in anhydrous rhombic prisms of a dark red colour, 
and dissolves in 4 parts of water. It is forrtied by passing chlorine gas 
into yellow prussiate of potash : 2K,FeCyg + Cl^ - 2KCI + K^Fe^Cy,,, 
The product is dissolved in a minimum of water, and allowed to crystallise 
out. It is now seldom used in colour manufacture. 

Tests for Iron Salts 

Ferrous Sa/Js 

In the anhydrous state these salts are white, but form pale green crystals. 
Their concentrated solutions are also of the same colour, and have a sweetish 
taste, with a strongly astringent after-taste. When strongly heated they 
lose their acidity if the acids are volatile, a residue of ferric oxide or 
ferro-ferric oxide being left. Mythogen sulphide gives no precipitate 
with acid solutions. Ammonium sulphide precipitates black iron sul¬ 
phide, which is readily soluble in dilute hydrochloric or sulphuric acid, 
with liberation of hydrogen sulphkle. Potassium ferrocyanide gives a white 
precipitate, soon turning blue, whilst the ferricyanide produces at once a 
deep blue precipitate with solutions of ferrous salts. 


Ferric SalLs 

The .soluble ferric salts impart a reddish yellow colour to their solutions. 
I'hey redden litmus ])apcr, and have a sharp, astringent taste. JN>lassium 
ferrocyanitlc prodiice.s with their solutions a deep blue precipllate of 
Prussian blue. With the ferriej^anide, however, no precipitate is formed, 
but only a darker shade of colour. Caustic alkalies and alkali carbonates 
give with .solutions of ferric salts a precipitate of ferric hydroxide. I lydrogen 
sulphide reduces ferrous salts, free siiljdiiir being formed. The neutral 
ferric salts arc mostly colourless, but the various basic salts are red or yellow 
(see Earth colours). 


Analysis of Iron Salts 

Ferrous Sulphate .—If necessary at all, the analysis'is limited to quali¬ 
tative tests for copper and zinc. Copper Is tested for by pre cipitating the 
solution (previously oxidised with nitric acid) with ammonia. In the presence 
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of copper a blue filtrate will be obtained. Zinc is tested for by the acetate 
method. The filtrate is supersaturated with caustic jM>t»ish, aiul treated with 
hydrogen sulphide; a white preeijutate indicates the presence of zitie. If 
copper is present at the same time, this must be reinovedWilh hydrogen 
sulphhle beforehand. 

Ferric^Siilphdk.—TUe commercial article forms a solution of 4.')° to .■»()' H. 
strength, the value depending on the content of pure ferric sulphate. It always 
contains ferric nitrate, and not infrequently free acid. The determination 
of the s|H‘cific gravity i.s generally a suflieient criterion of the tcelniical 
value of the article. 'J'he content of can easily i»e found hy VVolif's 

table. 

Ferric ChUmde. presence of ferrous cliloride would be troublcsonn*, 

and is easily detected by the blue colour of the solution obtained l)y addition of 
jwtassium ferricyanide. Tree sulphuric acid is tested for with barium chloride. 
It is not necessary to lest for nitric acid; but any defective solubility in 
water gives rise to doubt. The ferric cblorate ccmlent of the solutions can 
be approximately determined by Tranz’s table ( 7 .?’). 

Volassimn Fcrrocj/anidc. - It must l)e tested for potassium carbonate, sid- 
pbate, and chloride according to the usual methods, 'fhe (juantitative 
analysis is best performed by treating the solutiem (acidified with sulphuric 
acid) with permaiigauate. The well-formed crystals and their degree of 
dryness are usually a reliable criterion of the quality of this salt. 

/. Acotic Acid (ClljCOOlI "CJI/).,; mol. w., (io) 

Pure acetic acid is colourless, ijoils at 118 (\and forms a crystalline 
mass (glacial acetic achl) at a low tem])eralurc. Acetic acid lias a peculiar 
pungent smell, a strongly acid ta^li; and rca<rtion, produces iilislcrs on tiu; 
skin, and is miscible with water, aleobol, and ether in any ilesire<l pnqanlion. 
The vapour is combustiblt^. Acetie acid is a good solvent for many purjaises 
—e g., anthracene, nitro compounds, colophony, itc. I lot a(?(Aie acid dissolves 
a considerable (piaiitily of sulphur and some phosphorus. 'Hie specific 
gravity at l.r5‘^ C. is - I •().)(). Diluted with water, llnr specific gravity in¬ 
creases at first. Acetic acid attains the maximum density (107 » at I,')(’.) 
with 120 to 25 per cent, of water. With more water llm specific gravity 
decreases again, so that with 4}) per cent, of water it is about the same as 
with 2 per cent, (viz., I ObO 1). 'i'he ordinary commercial acid contains ;U) to 
50 per cent, of water. 

Commercial acetie acid is elassifie<l as follows, according to origin : 

1 . fVme vinegar, prepared from wine, and exhibiting a cliaracleristie 
aromatic smell of \inegar. 

2 . Tm/rmegar, from cider or perry, contains malic acid as w ell as acetic 
add. 

S, Spirit vinegar, acetic acid from alcohol, a mixture of acetic acid and 
water. 

4. Beer, malt, or grain vinegar, from iinhopped beer wort. 

5. Beetroot vhiegar. 

f). fVood vinegar. 

Ill colour making wood vinegar is generally used, rarely that from 
dcohol. 
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y fractional distillation, by 
oin the tarry compounds, 
converted into a salt, and 
r acid, 'llic calcium salt, 


Acetic acid from wood (wood vinegar).—The products obtained from the 
distillation of wood contain acetic acid, geiiemlly ,5 to 10 percent, of the 
weight of dry wood used. Various forms of apparatus arc used in the dis¬ 
tillation of wood ; for instance, wrought-iron or steel retorts, o ft. to .‘10 ft. 
long and ft. to 7 ft. wide, connected with a condenser by an iron pipe. 

'I’o collect the fluid products of distillation two different vessels are used. 

'I’he more volatile oils are collected in the one at the same time with the ' 
products boiling at a higher temperature, whilst in the second—an iron or 
bricked vessel—the sj>ecifically heavier acetic acid is oagerl'ts 
distillates come over between 175“ to 235° C.. and c.ojcyanide. 
acid. They consist chiefly of water and light olblue. vA/utam very little acetic 
quantity of the liglit oils increases with the s of a greenish colour. The 
the colour gradually changes to red. 'I’lie tei, ^progress of distillation, and 
288° C for a certain time, and then raised to 31 * nperature is kept at about 
bulk of the acetic acid distils over. At 400° ( 5° C., whereupon the main 

oil and the acetic acid is the same, and at 450 the specific gravity of the 

About 8.8 per cent, of wood charcoal, 84-4 ° C. the heating is stopped, 

and ]() percent, of ethereal oils are obtained,'« + cent, crude acetic acid, 
burned, fhe collected acetic acid forms a d'*’> ^^^the rest being ga.s, which is 
with smoky, acid taste, and is then purified b^^®- reddish i>rown licpior, 
which the methyl alcohol is separated fn 
After being filtered, the acetic acid is generally;^ 
recovered by treating this salt with a strongei 
obtained by saturating the crude acetic acid witln 

lion, is often used. The dry salt (sometimes calbuti lime, followed by evapora- 
to destroy the emj)yreiimatic materials, and distill coldHed white lime) is heated 
in a retort fitted with a copper hood and a tin coii^'hedcd with hydrochloric acid 
lation in a column apparatus furnish<^c a resididenser. Fractiotual distil- 
strength. _ ./cjiig left. llvdrc^ao., xv.ie pure acetic acid of varying 

In the 

used, 'rhe a(- «/ acehc acid fnm nkobol the “ quick method ” is now 

certain temper^ brought into intimate contact with air, at a 

and with a inin>«» ature,to ox.dise the alcohol to acetic acid in the shortest time 
vided with a « b>ss I his is done in large tanks (vinegar tanks), pro- 

curly beech sin '■^‘rated double bottom. These tanks are filled to the top with 
ing the rapid acidified with vinegar. The necessary draught, further- 

The acidified ‘ . oxidising process, is obtained by means of suitable openincs 
hours, being .;e/e»«‘‘«yings remain covered in the tanks for about twenty-four 
A wooden falseV^'";^ thoroughly penetrated by the vinegar vapours 

top of the vessF'’*J^ bottom with many .small holes is placed 8 to 10 ins. below the 

an inch or so, ® ^ strings are pa.sscd projecting about 

with alcohol tlf®’’ sp*®® above the false bottom is filled 

and drop the they al.so absorb 

below the to drip on to the shavings. The space 

The tank isth'' is ventilated by means of five to eight glass tubes, 

opening, ^ ^ !'d» provided in the middle with a circular feed 

during the i that has been deprived of its oxygen 

process the to the outside. During the oxulising 

upward flow (/^temperature inside the tanks increases, so that a regular 
alcohol with n** ** ®»»s®d- ll»e charge mostly consists of a mixture of 

ious’iore or less malt extract, beer or wine. The charge coming 
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from the first lank runs into the second one, and thence, if the aicohol 
content docs not exeoed '2 to per cent., to the outside as a finished product. 
Of late ozone too is used in this nianufactiire. 

Acetic acid is used mostly in colour maiiiiraclurc for priKlucin^ acetates, 
especially .su^ar of lead, basic lead acetate, and also for the manufacture of 
emerald green. 

Jnafysh.—A^ already mentioned, -the specific gravity of acetic acid is 
very changeable, especially when it contains other materials, as, for instance, 
alcohol, methyl alcohol, acetone, <S;c. With regard to the tests, we may 
refer to the chapter oii “ Acidimelry.” A suitahle apparatus for the rapid 
testing of this aciil is the acetometer.” 


m. POTASSIUM COMPOUNDS 

Potassium Hydroxide {Can.tfu: Potad ; KOII; mol. w., .')(>) 

This is a white, hard, opa<]uc body, with a crystalline fracture. It 
liquefies readily, deliquesces in air, and forms a solution with the water so 
absorbed. At the same time it absorbs carbonic acid from the Htmos))here, 
and is gradually (amverted entirely into potassium earboiiale. At a dull reil 
heat caustic potash melts to a water clear li(|Uor of an oily eonsislence, .•ind 
at a very high temperature it volatilises and decomposes. It dissolves very 
easily in water in any proportion, with considerable evolution of heat. 
Caustic poiash has a very caustic taste, destroys all animal and most vegetable 
substances, attacks glass, and dissolves many minerals. It coml)incs with 
acids, and tlum forms the corresponding salts, water being formed at tfie 
same lime. In this rc.ictlon the potassium displaces the hydrogeji of the 
acid: KOII + lieu KC1 + H,(). 

As the strongest saline base known, it deciompo.ses many metallic salts by 
comhinitig with the acid, whilst the metal is converted into its Jjydroxide: 
CuS(\ +KOH - Cu(On), + K,SO,. 

Aqueous solutions of caustic potash turn red litmus paper blue, even 
in the weakest solutions. Turmeric paj)er is coloured brown by such a 
solution. 

Caustic potash is manufactured by treating caustic lime with jmtash: 

Ca(OH), + K^CO, = ilKOn + CaCOj. 

Insoluble calcium carbonate is precipitated as a while body, the caustic 
potash being in solution as a water-clear liquor. 1’he potassium carbonate 
is dissolved in a tenfold quantity of water, the solution healed to boiling in 
an iron vessel, and milk of lime is stirred well in until a .sample of the water- 
clear filtr.'ite treated with hydrochloric acid no longer effervesces. 

The liquid in the vessel is then allowed to stand for a certain time, 
whereby the calcium carbonate settles quickly to the bottom. 'Hie top 
liquor is transferred to iron evajiorating |>ans, and there evaporated to 
dryness, 'fliis residue is finally fused by strong heat, and in this state 
poured into moulds, where it sets to a whiti*, opaijue mass. 
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Potassium Carbonate {VoUmh; KX(), + iill..(); mol. w., iTt) 

In the pure state it forms a white, readily deti<pu!scent mass, with n caustic 
taste and strongly alkaline reaction. It tnelts when strongly lieated, witlunit, 
however, being deeomjxwed, and dissolves easily in water in any proportion. 

Potash is obtained in crystals containing ‘JO per cent, of waler (the formula 
being K^CO^ + 'JH/)) when hot concentrated solutions are allowed to cool. 

'l‘he cc)mmcrcial potassium carbonate is called potash. It is a salt of a 
bluish, reddish, sometimes greenish while colour, generally contaminated 
bv other salts, ami then forms irregidar moist or greasy lumps. 

The oldest method of making potash is from the ashes of plants. Wood 
ash especially has a high content of potassium salts, potash in particular. 

If this ash be treated with water and the solution afterwards evaporatc<i, a 
saline! mass remains, the so-ealleil cm/f* potash, coloured brown by' imper¬ 
fectly calcined organic materials. To destroy these latter entirely the 
crude potash is heated in reverberatory furnaces until it turns a bluish white 
colour, in this state the ralciiuul potash is pul on the market, but still con¬ 
tains other salts —c."., potassium sulphate, silicate, and chloride, sodium 
salts, ^:e. 

To remove the latter the calcined potash is dissolved with a minimum 
of water, whereby the less soluble salts jiarlly remain behind. The clear 
top li(pior is removed, slightly concentrated, and allovv<'d t») stand for a 
certain time, whereby the hulk of the extraneous salts crystallises otit. On 
repeating the process a nearly pure potassium carbonate is obtained. 
Potash is also manufactured from the residues of tin* sugar imluslry and the 
suint from the w4>ol-se<mring pr(M*ess. 

Par greater (juanlities of ]K)tash are now obtained from the 'stassfurl 
works, es)»ecially by the (ir/oveVrg pnn'ess (1S<)1), an imitation of I.ehlane's 
soila process. 'I'lie potassium sulphate is fused with lime and (toal exactly * 
as is done in the soda process; hut high temperatures must he avoided. The 
other operations (fusing, ealcination, evaporation, ixc.) are also just llur same. 

lN)tash is also obtained by treating a .solution of potassium chloride with 
magnesium earhonale and saturating with carbonic acid. 'I’hc double salt 
of magnesium potassium bicarbonate is then heated. 

The following equations explain the chemical reactions jnv<dved : 

1. ‘JKCl -i- .'iMgCO., + (X), + up - ii.\IgKn(C().,K. 

‘2. JMgKII((;(),), - K.,C03 + ‘JMgCO, + II,() + CO,. 

'I'lie potassium carbonate is leached out with water; magnesium carbonate 
and carbonic acid are formed and used again. 'J'he method, due to R. Kaj^el,* 
is largely used in an improved form, especially in the Neu-Stassfurt salt works.. 

Potash is now far less used than it was at one lime, being nearly entirely 
rcqilaccd by the much cheaper ammonia soda. 

Potassium Nitrate (.SV/ZZ/a'/rc; KNOj; mol. w., lOl) 

'I'his salt is found native (Hungary, Spain, Persia, Egypt, and especially 
ill India), hut manufactured .saltpetre is generally used. ‘ 

* K. Kisclicr, MiiHH/il of C'ln'iuicul liutu^inj. >' 
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It crystallises in the rhombic system, and forms mostly colourless, trans¬ 
parent, columnar crystals, sometimes hollow, which are readily soluble in water. 
100 parts of water dissolve at 0° C. 1.) parts of saltpetre, but as much as '21-7 
jwrts at 97° C’. 'Fbe solubility, therefore, increases considerably with the 
temperature. Solution is attended with absorption of heat. When heated 
to .'i.'iO'’ C. saltpetre melts to a thin rtul<l mass, which deeomj)oses at a higher 
temperature anti jiarts with oxyj^en, potassium nitrite bein^^ left as a residue. 
On increasing the heat still further, this too is decomposed to oxygen, 
nitrogen, atul potassium oxide, besides very little ]K)tassjum |)eroxi<Ie. Salt- 
j»etre, like all nitrates, is a very powerful oxidising agent, (ombuslildc 
bodies, like coal, sulphur, phosphorus, iron, zinc, itc., are easily oxidised by 
saltpetre at a high temperature, with a bright Hash and evolution of heat 
(gunpowder). 

In the aimvc-menlioned countries the soil, covered with the efflorescence, 
is leached witli water, and the solution evaporated by the heal of the 
atmosphere. 'I'lie product, tlie so-called Indian crude sallpeire^ is then juit on 
the market. I'he formation of saltpetre in nature is probably due t(» the 
decomposition of animal substances containing nitrogen in presence of strong 
alkalies, like lime, potash, Ac., the ammonia formed in the process being 
oxidised by the atmospheric oxygen to nitric acid and water. This nitric acid 
combines with alkalies and alkaline earths to form nitrates. 

Saltpetre is artificially obtained in the above named manner on the so- 
called mllpeire beds by ‘• nitrification.’’ Animal waste products are mixed 
with alkaline earth, rubbish, wood ashes, &c., and piled up in heaps, which 
are exposed to the air for several years, and moistened from time to time 
with urine or the <ii'ainag(M>f manure heaps. 'I'Ik' heaps are provicbal with 
sligiit roofs to k<'ep out the rain, and are turned from time to lime to further 
the infiinuiee of the air. ’i'he saltpetre earth ol)taine<l in this way is then 
treated with water. 'I'he .solutions contain saltpetre, calcium nitrate, 
and magnesium Jiitrate. To convert the two latter salts into saltpetre the 
solulinns are treated with dissolved potash, whereby the calcium and magne¬ 
sium nitrates are jaeeipilaled ns insoluble carbonates, whilst saltpetre 
passes into solution; ( a(N’()j)y-f-K/’Oj, - OaCO, +‘^KNOj. On evajiorating 
the solution a eru(l<; brown saltpetre is obtained, which is purified (refined) 
by repealed erystalllsation. 

For the last forty years tlie major part of the salt[)etrc used has been 
manufactured by treating sodium nitrate with ]>oUssium chloride (conversion 
saltpetre), according to the equation N'aNO,-H KCI -- KNO.,+ NaCI. Sodium 
nitrate is found native in coiisideral)le quaiilities, especially In C!iiiie and 
Peru, while potassium cidoride is obtained by mining at Stassfurt, as the so- 
called kainil. Ihitli salts are dissolve<l in the molecular proportion with 
water and then eoiiccntratcd. After a certain time sodium chloride (com¬ 
mon salt) separates otit, and saltpetre remains dissolved, being afterwards 
washed twice. I’lns process rests upon the relative solubility of the salt¬ 
petre and of the common salt in the hot water; the former, as already 
mentioned, increases considerably with the temperature, whilst the common 
salt shows little change under the same conditions. Tlie precipitated com¬ 
mon salt can easily be freed from the adherent saltpetre, which latter is 
easily and completely refined. 'I bis method is also used in other countries, 
especially Russia. 
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Potassium Chlorate (KCIO,; mol. w., ia2'.5) 

forms small, more or less pure white, nacreous crystals of the raonoclinic 
system, readily soluble in liot water. The solutions-have a cooling taste, like 
saltpetre. Potassium chlorate fuses at aslow heat without being decomposed; 
at higher temperatures it gives up oxygen and is converted into potassium 
chloride. It is a more powerful oxidising medium than .saltjietre. Mixtures 
with coal, sulphur, antimony sulphide, and other combustible bodies explode 
with great force not only when heated, but also for the most part on per¬ 
cussion. ‘ * 

Potassium chlorate was formerly manufactured by introducing cblorine 
gas into a concentrated solution of potassium carbonate or caustic potash 
At present it is manufactured by treating milk of lime at a high temperature 
with chlorine gas. Hereby calcium chloride and chlorate are obtained, the 
latter being then decomposed with iwtassium chloride to potassium chlorate 
and calcium chloride: 

1. 2Ca(OH), + -iCl - Ca(OCl)j -i- CaCl, + 211,0. 

2. aCa(OCI), = Ca(C 103 ), + 2CaCI,. 

3. Ca(CI 03 ),, + 2KC1 = 2 KCIO, + CaCI... 

When the milk of lime is treated with chlorine calcium chloride and 
calcium hypochlorite, Ca(CIO)„ are first formed, the latter decomposing when 
heated to calcium chlorate and chloride. Uy the simultaneous ))iesence 
of chloride of potassium the above-mentioned decomjiosition to potassium 
chlorate and calcium chloride takes place. The chemical reaction can be 
exjilained in one eipiatioii as follows ; 

3Ca(()H), + 6C1 -I- KCl = KCIO, + .'JCaCl, + .'iH/). 

Potassium chlorate is very often used as a powerful oxidising agent in 
the manufacture of Prussian blue. It can also be obtained by electrolvsinir 
a hot concentrated solution of potassium chloride. 


Potassium Silicate {K,SiO.,; mol. w., 

J he formula K^SiO^ is not quite certain, no compound of potassium with 
silica in the crystalline state being at present known. Potassium silicate 
is obtained by fusing together powdered quartz, or 54 parts of pure quartz 
sand, 50 parts of potash, and S parts of powdered charcoal. The melt is 
afterwards dissolved with boiling water. The charcoal is added to expel the 
carbonic acid as carbon monoxide, since any residual carbonic acid spoils the 
product. Potassium silicate is found in many minerals, especially in felspar, 
but is not much used in colour manufacture. 


Potassium Chloride (KCi; mol. w., 74-5) 

crystidlises in colourless, transparent cubes, and is sometimes used in the 
manufacture of colours. The crystals dissolve readily in water, and have a 
briny taste. It is obtained by treating a solution of potash with liydiochloric 
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acid. It is fouiul native as tlic minera! sylvin or kainit in large quantities 
ill the StassCurt mines. 

Fotussium Monosulphldo (K,S; mol. w., 110) 

In the mcltetl slate tliis .salt is of crystalline structure and dark red 
colour^ deliquesces in the air, and dissolves very readily in water, heat being 
disengaged. When heated it forms |H>ta.ssiuin sulphate. 

It crystallises from s{)lutions after eoncentration as a colourless mass. It 
has an alkaline reaction, and is the slronge.sl of the sulpho bases. With acids 
it forms hydrogen sulphide, without any deposition of sulphur. It i.sol>lained 
by calcining p(»tassium sulphate with carbon, the latter being oxidised to 
carbon monoxide, whilst the sulphate undergoes reduction. 

K,S()^ + 4C - K^S + ICO. 

If a solution of causticr jM)t;ish is saturated with hytlrogen sulpliide 
polax.slum hydrosuiphulc, KSIl, is Ibrmed. 

Potassium Pentasuiphide (K^S.; mol. w., 

This has already been dealt with on pp. 279, 


'J'cxlhi^ for Polassiinn Sails 

'I'hd lower part of tlie Bunsen flaftie is coloured violet by potassium salts, 
but the colour is masked by the yellow sodiiini flame if sodium sails are jire- 
sent at the same time, in this ease, on viewing the flame tbrougb a cobalt 
glass the violet (potassium) colour shows u[) clearly, the sodium colour 
being entirely absorbed by tiie blue glass. 

Platinum chloride gives with solutions of potassium salts a yellow preV 
cipitat<‘ of crystalline j)otassium platinum chloride, sparingly soluble in ' 
water and insoluble in aicobo). Perchloric acid and tartaric acid give 
with nioderalely dilute solutions of potassium salts crystalline, colourless 
precipitates, very sparingly soluble in water. 


n. SODIUM COMPOUNDS 
Caustic Soda (NaOM; mol. w., 40) 

Caustic .soda is very similar to caustic potash, hut deliquesces still more 
readily in the air. Trom very strong solutions rhombic prisms of crystalline 
caustic soda, of the formula 2NaOH + 7H.^O, iiielling at i)^ C., separate at a 
low temperature, in the air caustic soda is gradually converted into sodium 
carbonate by absorbing carbonic acid. 

Caustic soda was formerly sold as a strong solution or in a fused state, 
but is now sold in the solid state in sheet-iron drums. Caustic soda is 
sometimes made by heating strong solutions of crude soda with caustic lime 
(see p. 22()). The solutions are concentrated in cast-iron pans to about 
sp. gr. I fl, furnishing when cooled the solid commercial drum soda. Caustic 
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soda is now obl.dned in soda manufacture by increasing tlie quantity of 
coal mixed witli tlie sulphate and limestone, and leaching tlic crude product 
at once with water at 50° C. The solutions having clarified, tliey are quickly 
concentrated to sp. gr. 1 5, whereupon potassium carbonate and sulphate 
and coinrnon salt separate out, and tlie liquor acquires a brick-red colour (red. 
solution), due to a peculiar chemical combination of iron sulphide with sodium 
sulphide. The solution is afterwards heated in large cast-iron pans to a very 
high bunperature, 3 to 4 parts of sodium nitrate being gradually added for 
each 100 parts of caustie soda to be obtained. In proportion as the water 
evaporates, the saltpetre acts on the sodium sul{>hide and the always present 
sodium cyanide, a considerable quantity of ammonia and nitrogen being set 
free. At 300° to360° C. the addition of saltpetre is stopped. The sulphur 
is now entirely converted into sulphide, a small quantity even into sulphate. 
Most of the sulphur must be oxidised during the subseejuent fusing process 
by treatment with a current of air. An electrolytic method of manufacturing 
caustic soda lias also attained a certain degree of importance. Caustic soda 
serves in colour manufacture for producing Bremen blue and the green 
copper pigments, orange chrome, and chrome red, and of late also in making 
the diazo colour lakes. 


Sodium Carbonate (Soda; Na^CO,, + lOH/) (in the crystalline state); 
mol. w., 28d; “ Am7nonin Soda” Cakined Soda, Powdered Soda; mol. 
w., ]() 6 ) 

This most important salt is practically known in two different states—in 
powder and in crystals. The powdered form is mostly used in trade. 

Crystalli.sed soda forms large, colourless crystals, with bii f) per cent, of 
water of crystallisation. The crystals effloresce readily in the air, and 
gradually turn to a white powder. I'his process is furthered by heating. 
’I'he salt first melts in its w’ater of crystallisation, and soon changes into the 
anhydrous salt, the so-called calcined xoda. Heated to redness, it melts, 
to a clear liquid, which when cooled crystallises again. Soda is readily 
soluble in water, and the solution reacts and tastes strongly alkaline. 
From warm solutions tlie salt crystallises with seven molecules of water of 
crystallisation. 

Soda is obtained in three ways : 

1. As native soda (efflorescence). 

2. From the ash of plants. 

3. By chemical manufacture. 

Xalive Soda 

Soda is found native as a constituent of many mineral waters, as an 
efflorescence from volcanic rocks, and in the water of the so-called natron 
lakes in Egypt, Central Africa, in the Caspian and Black Seas, India, Mexico, 
California, Ac. On tlie great Hungarian plain soda is found during the 
summer heat as a crystalline efflorescence a crude product, which is col¬ 
lected and sold as such. Egyptian scnla is called/ro-Krt,‘whence comes the 
name natron. In Argentina native .soda is found in coiisiderahle quantities, 
and has recently been also found in Virginia. 
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Smlii f rom l/ir .Isfu's of VUniUs 

'I'hcre .'uv tliruc (•onimcruial varieties: 

I. Siuia from Ixtrilla, eiillivalcd on the S|)aiush si“n-eoasl. 'I'Im* ash 
contains ‘2") to .'iO per cent. soda. 

a. Sd/icor, or fioihi horn Narhonin*, with l l-per cent, of sodium carbonate. • 

a. lUamim'Ut' or soda from Aijiues-Mortes, with only d to H per cent, of 
sodium carbonate. 

The plants arc collected, dried, incinerated in pits, and afterwanis treated 
willi water. 1 he clarified solutions arc evapi>ratcd. 

('hemicoUtf Manufiwhiral Soda 

The manufacture of this most im|M)rtant salt can, of course, oidy be 
described here briefly. Until the last quarter of the past century soda was - 
mostly manulaelured by tlie Lrldaucprocess. In this method common salt is 
converted by sulphuric acid (chamber aehl of 11.) into sodium sulphate, 
liydrochloric acid beinj; formed as a by-product. The sulphur is deeompo.sed 
in reverberatory furnaces by a mixture of chalk ;ind coal. In this chemical 
process the coal reduces the sodium suljdiale to sulphide, combining with 
the chalk to form calcium sul|)hide and soda. 

'rile Jirst sfage of the Ivcblanc process can be explained by the following 
eipiation : iiNaCl-H H^SC)^ = Na.SO^-}-‘illCI. 'I'liis operation, ihe production 
of sodium .sulphate, is performed in reverberatory furnaces, provided with 
condensers to condense the hydrochloric acid gas. The vapours of this latter 
are led through a cerUin number of earthenware pots, ooiuiccted together, 
and arc met hy a stream of water running in the iijiposite direction, so 
that the nearly saturated solution comes into contact with the most highly 
concentrated gas. 

The .uroml sfa^e, the conversion of the sodium sulphate (generally only 
called " sulphat<-") Into crude soda, is performed in reverlieratory furnaee.s 
at a very liigli temperature (71'i’ to fM2'('.). The sulphate is intimately 
mixed with limestone and coal, and the mixture fused, the mass being 
constantly stirred with long iron crooks until bine flames of burning carbon 
monoxide appear. The mass is then rake<I into flat vessels and allowed to 
cool. Of late ndating furnaces are also used, d'be ebemica! process can be 
explained by the following eipjation; Na,S()^•^4(^-= Na^.S i- l(,'(). 'I'lie 
sulphate is therefore reduced by the coal to sulphide, the c<»al being oxidised 
to carbon monoxide. 

The third sta^e, contemporary with the second one, repre.sents the e<jn- 
version of the sodium sulphide into soda by the chalk : 

Na^S + CaCOj - Na,(T), + CaS. 

In reality the process is not so easy as it seems to be from tlie above 
eipiation. In particular it may be assumed that the formation of a double 
salt, .'iCa.S,Ca(), ealeium oxysulphide, take.s place, so that part of the coal 
probably acts on the calcium carbonate, perhaps according to the e<|uation 
CaCtlj + According to modern views on the reduel ion of 
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the sulphate, only carbon dioxklc, and no carbon monoxide, is formed; 
Na.^8()^ + iiC = Na„S-j* liCOj, followed by a double decomposition : 


Na.S + CaCO, = Na.CO^ + CaS, 


The calcium carbonate is afterwards partly reduced by the coal: 


SCaCOj + 2C = 2CaO + 4CO. 

Tlie carbon monoxide gas, therefore, is only produced when formation of 
sodium carl)onate is complete. 

Tor the conver.sion of tlie crude soda into tlie commercial product the 
solutions are treated with water, this being now carried on by simple filtra¬ 
tion in a number of sheet-iron vessels. The resulting solution contains 
sodium carbonate and caustic soda, besides common salt and other sodium 
salts in sm;iller (juantities. The clarified solutions are concentrated, where¬ 
upon the soda separates as a white crystalline powder. I’lns concentration 
is cff'ectetl in special reverberatory furnaces or hemispJierlcal pans, and tlic 
dirtcrent brands arc obtained by separating the products collected at various 
periods of the finishing process. 


The Ammomu Soila Proeexx 

'riii's procedure is of recent date. A solution of common salt is treated 
with ammonium liicarbonatc under high pressure, sodium bhrnrbonate and 
sal ammoniac being formed : NaClNH^UCO,,—NaHCO^-f NH^C’I, 

'File soclliim bicarbonate is converted, by lieating, into the neutral car¬ 
bonate, true soda : 2NaHC(),, —Na„CU.^+ 

This method is the one now' most in use. The bicarbonate is separated 
from the solution by filtration, wooden filters being used, as being unattacked 
by the strongly alkaline solutions. The bicarbonate is tlien generally cal¬ 
cined, for which jirocess furnaces of ditt'erent kinds are used. 

The only dilliculty in this stage is to recover the ammonia and the carbonic 
acid, the loss of which must be avoided for economic reasons. The soda 
from the calcining furnaces is in lumps, and must therefore be powdered, 
generally in ^‘Excelsior” mills. 

To recover the ammonia the filtrates and washing waters containing 
ammonium chloride or carbonate are treated with lime, and the precipitated 
ammonia recovered by distillation. The recovery of the carbonic acid is 
generally confined to the quantities set free in tlie calcining process. 

To manufacture cryxtaUixed soila (soda crystals) by boiling the bicarbonate 
with water, a certain amount of lime must be ailded to remove the last 
traces of bicarbonate, whicli would prevent the formation of good crystals 
and furnish only small needles. If large, liar<l crystals, like tliose obtained 
in the Leliiaiic process, are required, a certain quantity of sodium sulphate 
must be added to the solution, even \yhen calcined ammonia soda is being 
worked. Usually 2 5 }>er cent, of sodium sulphate is used. Most manu¬ 
facturers now also sell their crystallised soda in the form of the said needles, 
which is a guarantee of the absence of sodium sulphate. About 80 per 
cent, of tile manufactured soda is made by the ammonia soda process 
to-day. 
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The electrolytic method of mnniifactiiniig soda, also from a solnlioii of 
common salt, seems to have a j»ood prospect of success. 

So<la can generally be used for the same purposes as polasli, and Is far 
cheaper. On this account it is very extensively employed in colmir 
manufacture. 


Sodium Bicarbonate (NallCO,; mol. w., Hi) 

forms small, colourless, transparent crystals, rather sparingly soluhh* in water. 
The solution ha.s a slightly alkaline reaction, though the salt is considered 
to be an acid one. Hy boiling it changes into neutral sodium earlxumtc. 
The same conversion is effected hy heating, carlwniic acid and water being 
set free. 

In the ammonia soda process sodium bicarbonate is obtained as im 
intermediate product. Hence all other methods of maniifacturiiig this 
salt are of only theoretical interest. It is hut seldoj)i used in colour 
manufacture. 


Sodium Sulphate ((i/auher Sa/t; + lOH^O ; mol. w., 

(ilauher salt is a constituent of many mineral waters and saline springs, 
and is also found in small (piantitie.s in sea-water, in animal ffuids, especially 
in the blood, Associated with gypsum, common salt, and magnesium 
su]])hate, it forms whole mountains, ns, for instance, in the valley of tlje Khio, 
near Madrid. 

'Fhe commercial product forms large, transparent crystals of the mono* 
clinic system,with.l.')‘7h’per cent, of water of eryslallisation, readily efflorescing 
in the air. It is also sold in the anhydrous state as “ calcined Ulauher salt,” 
in the form of a fine white powder or irregular fragments. In efflorescing 
th<5 crystals partly lose the water of crysUlIisalion ; when heated they 
melt in it, and part with it entirely at a higher temperature, the anhydrous 
(calcined) salt remaining behind. (Ilauher salt is readily scfftible in water. 
It is most soluble at C., the solubility decreasing at higher temperatures. 
From solutions of less than 20°('. (JIauber salt crystallises with ten molecules 
of water; at higher temperatures the salt separates in the anhydrous state. 
If a solution which has been saturated at (!. is boiled, the anhydrous 
salt separates ns a fine powder. Glauber salt is manufactured on a large 
scale with soda (see soda manufacture) hy treating a solution of coimiion 
salt with sulphuric acid. It is often recovered as a hy-pivKliict in many 
chemical industries. In colour manufacture it is formed hy precipitating 
alumina from aluniinium sulphate or alum, with soda as a by-jnoduct, 
and is often used in the manufacture fd lake pigments. Glauber salt 
plays an important part as a raw material in the manufacture of artificial 
barytes. 


Sodium Nitrate (Chile SuUjKlre; NaNO^; mol. w., 8.5) 

occurs naturally In very extensive quantities in 'larapaca and Atacama, 
on the frontier of Chile and Peru, as a component of a salt mixture, the so- 
called caliche, and is then called Chile (or Peruvian) mllpelre. It forms 
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rhomboliedra of a sometimes cubical shape, and is therefore often called 
tube xa/lpelre. It has about the same properties as the ordinary ())otassium) 
saltfKitro, only it is more hygroscopic, and therefore for many purposes less 
suitable than the more stable (potassium) saltpetre. Jt is of no importance 
to the colour manufacture, except, perhaps, as an oxidising agent in the 
calcining of many ferric oxide colours, and even for this purpose is rarely used 
inm. 

Sodium Nitrite {“Nitrile”; NaN(\; mol. w., 6*9) 

'Die commercial j)roduct forms small, rarely pure white or entirely 
transparent crystals, that are readily soluble in water and fairly stable in the 
air. It decom|)oses when heated, and with dilute sulphuric or hydrochloric 
acid, forms nitric acid fumes, and also nitrogen dioxide, i'he aqueous 
solutions of the pure nitrite have a neutral reaction. 

Nitrite is now of considerable importance in the manufacture of colour 
lakes, and as it is produced direct in many colour works its manufacture 
will now be described. 

'J'he raw materials are generally Chile saltpetre and metallic lead, which 
at a temperature of about 400® C. are transformed into nitrile and lead 
dioxide. The chemical reaction can be explained by the following equation ; 

NaNO, + Pb = NaNO, + PbO. 

Pure Chile saltpetre has to be used, especially free from more than a 
small quantity of common salt. The lead, too, must he pure, and especially 
free from antimony; this easily causes explosions, attended with some 
loss of material. The lead is applied in the form described in the white 
lead process (see p. 90), to facilitate tl»e nielting of the metal. lOt) 
parts of Chile saltpetre of the best brand and 27/) to 2S0 parts of 
metallic lead are generally used. The saltpetre is first melted, anti the 
lead added in small portions to the red-hot mass. The melt is dissolved 
with water, the solution filtered, concentrated, and finally brought to 
crystallisation. 

The saltpetre is melted in large, shallow cast-iron pans, set in brickwork in 
such a way that the flame is able to cover the whole hearth. The heated 
saltpetre first loses its 'moisture, and as the temperature rises the ever¬ 
present iodine compounds are decomposed. At about .^00® C., or somewliat 
higher, the saltpetre becomes red hot, and at 400 to 420® C. the addition 
of the lead spirals can begin. The most suitable moment for this purpose 
having been found by a trial, the kad is added by degrees, one j)ortion being 
allowed to oxidise completely before the next is thrown in. If too much lead 
were added at once the pan would burn through on the temperature being 
raised a little higher. To avoid this troublesome accident the whole mass 
in the vessel must be continually and thoroughly stirred, preferably with a 
mechanical device. If in thi.s way a quite homogeneous ma.ss is obtained, 
it must be scooped into cold water by means of long iron ladles, slowly and 
in equal portions, to avoid any spurting owing to the sudden change of 
temperature. I'he water is placed in an iron pan beside the melting-pot, 
so that the work can be done easily and without any loss of time. C!on- 
tinued stirring during the melting process facilitates rapid solution of the 
melt, vi/., of the contained nitrile. Tiie liquid has an alkaline reaction 
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on account of the free raiislic so<ln alwjiys r«>ritu-<1 in the melting jM’neess 
(to the extent of almut I per eeiit of the weight of nitrite obtained), anil 
containing pari of the lead oxkh* in solution. It consists prhi<'i|>.-il)y of 
sodium nitrite and caustic soda, besides nnde<'oin})osed wdtpedre, coimiion 
salt, and other accidentally present soluble eompounds from the saltpetre. 
The insoluble residue consists prineipally of lead oxide, with varying «|imnti- 
ties of unoxidised metidiie lead and small (piantilies of lead peroxide. To 
remove the lead oxide the nitrite solution is generally treated M'itb dilute 
nitric aeid (7® to S ’ B.) until neutral, tlie dissolved lead oxide beim; thereby 
precipitated as lead hydn)xide, whilst tlie caustic soda is reconverted Into 
saltpetre, in many works instead of nitric aeid the cheaper sidplmrie acid 
is used for neutralisation. Hereby a certain (piantity of (ilauber salt is 
formed in tlie solution, and separates later on during concentration (see 
'' Glauber Salt ”). After the residue has settled down the neutralised stdution 
(density .'iO® to Ik and more) runs into tanks, and thence into iron 
evaporating tanks, where it is concentrated to K)" to 4.5“ Ik). After the 
first crystallisation tlie solutions art* again concentrated, and the crystal¬ 
lisation repealed as long as a profitalile crop of crystals is obtained, 'kbe 
last solution is evaporated to dryness, am) the resulting dry pnalucl is 
added to a fresli cliarge of sallpetrt*, though not in large tpiuntities, owing 
to the risk of contaminating the nitrite. 'I'hc washed nitrite crystals frtnii 
the crystallers are spread out evenly on boards, and drietl at 40® to .50 ' (’. 

The insoluble residue obtained from leaching the nitrite melt with water 
contains considerable quantities of the partly undissolved melt and adherent 
nitrite solution. It is therefore treated with hot water afresh, in iron 
filtering vessels, provided witli a perforated double bottom, covere<l with ft 
strong cloth. The resulting solutions are united with the main liquor from 
the eva[)orating jirocc.ss or treated by themselves. 

The washed lead oxide can be sold after being diied and ground or 
may also be worked up into red lead, sugar of lead, lead nitrite, Ac. In 
many works it is reduced to metallic lead by roasting it with coal, winch is 
tlieii used for a fresh batch, but this inere.a.ses tinr cost of the nitrile. 

Nitrite can al.so be manufactured by ealeining sodium nitrate witli barium 
sulphide : 4NaN()3 + HaS - IlaSO, -I- 4NaN(),,; a mixture of lime and certain 
lead ores being, however, generally used instead. Tlie melt is treated as 
already descrilied.* 


Sodium Phosphate (NayIIP(\-l-I‘2lk(); nnd. w., .‘i.5H) 

forms large, trans|)areiit, monoelinie crystals, r<‘adily etfiorcseing, and 
soluble only with great difiieulty in water (8 parts salt in 100 jMirts 
water). 'I'lie solution has an alkaline reaction. When licaled, the ery.stals 
melt, the water of crystallisation then eva{H>rating completely, and the .salt 
is converteil finally into pyr<»phospliate, Na^P,()-. 

Sodium phosphate is obtained by saturating phos[)borie acid (from 
bones) with soda. It is .sometimes used in nmnufacturing certain mineral 
colours, and also in .several cases of lake pigments. 

• Nitrite if* luiw prrMinced on n lar;;c Kcnli: by cloctrieity fnnn On* nitroiroii tho air, 
and the same will soon be the case with tumie other nitrogen prodnets used for colour 
purposes. [Tbansl, ATOU. J 
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Sodium Silicate {fVater-gfaxx; Na^Si/\; mol. w., 303 (I) 

has similar qualities to the corresponding potassium salt, and is found 
in the trade exclusively as a colourless, water-clear solution with the con¬ 
sistence of glycerine. Two brands are on the market—33"' and h*(r; i.e., 
100 j>arts contain 33 parts of dry silicate and 67 parts of water, or 6() parts 
of dry silicate and 34 parts of water. It is decompose{l by all acids, even 
carb(mic acid, the corresponding sodium salt being formed, whilst the free 
silica separates as a jelly. Sotlium silicate must therefore be kept in tightly 
closed bottles. 

Sodium silicate is obtained from 4.5 parts of powdered quartz, 23 parts 
of calcined soda, and 3 parts of carbon, or from .50 parts powdered quartz, 
30 parts Glauber salt, and 8 to 10 j)arts carbon. At present it is nearly^ 
always obtained by dissolving diatomaceous earth with strong caustic soda 
under a pressure of 7 to 8 atmospheres. It is sometimes advantageously used 
in the manufacture of lake pigments. 

Sodium Chloride (Com/zioji Sa/t; NaCl; mol. w., 58-.5) 

is the most imj)ortant and most largely used of sodium compounds. It 
is found native in thick beds, together with gypsum and clay. The 
best-known layers are at Wieliczka, Stassfurt, in Austria, Spain, Cliesliire, etc. 
Fairly pure natural salt is mostly ground and sold direct. It is, however, 
rarely obtained by mining in sufficient purity, and must generally be rehned 
by crystallisation. Phe natural brine springs are very sekhnn saturated 
solutions, and for the most part have a very low content of .salt. The poor 
brine is therefore first concentrated by evaporation in the air graduated”), 
for which purpose special plants (‘^ graduation houses ”) are used. Hy means 
of pumps and pipes the brine is discharged on to a thick hedge of brush¬ 
wood, through wliich it drips to the ground, whereby a great quantity of the 
water evaporates, especially in dry and warm winds. I'lie solution concen¬ 
trated in this way is collected in wooden vessels, and treated in the same 
way twice or three times more if necessary. When it contains about 25 per 
cent, of common salt it is concentrated in large iron pans, the salt then 
separating mostly in funnel-like crystals. I'he salt is then removed from 
the bottom of the pan with wooden shovels, filled into baskets, and dried. 

Sea-water too, though it contains only about 3 percent, of common salt, is 
also utilised as a source of this article, especiallyon the Mediterranean coast. 
During the summer the sea-water is run through locks into specially built 
basins, where it eva])orates by the heat of the sun, the salt separating out in 
large crystals. 

Common salt crystallises in cubes, sometimes forming hollow j)yramids 
piled up like steps. It is mostly colourless, transparent, but is .sometimes of a 
reddish, bluish, or yellowish colour. When heated the crystals decrepitate and 
crumble to fine powder, owing to the presence of mechanically retained water 
from the crystallisation process. At a very high temperature common salt 
volatilises. Common salt is readily soluble in water, the solubility increasing 
with the temperature. A certain number of chemical processes of technical 
im|wrtance are based upon this fact. 







Ti’ttls for StHlutui Sallx 

i'hc s<Klimn suits arv vi'ry siniDur to tlioso of polussiiini. Most of (lu'in <li.s- 
s<flve ill water; they crystallise easily and an- eoloiirless. if the e<M'respoiH)iiig 
Hcid is also devoid <»f <-ol(>ur. Potassiiini anlihn»riate jrjves with moderately 
dilute neutral or slightly alkaline solutions a erystalliue preeipilate of 
sodium antimonate. The lower part 4)f the Ihinsen Hame is {Mihuired 
yellow liy even the smallest {piantities 4)f sodium salts. 


AnaUfxis of Siuliurn ami Polaxxum ComiMunuls 

Potash. -A l)!uish white colour indicates a ctmteiit of potassium man- 
ganate, a reddish one ferric oxide or cojipcr, and a grey colour is due to the 
presence of finely distrihuted carbon. 

I. 77//’ woishm’ cofitent is tested for by healing H) gnus, of the salt in a 
porcelain crucible until moisture no longer /‘omhmses on a superimposed 
glass jilate, the rlry substance lieing afterwarrls weiglnal. 

'2. The hixoluhle iWfsiUuenis are determined by <lissolving 10 gmir,, 4)f the 
jiotash in .500 c.c. of hot water, and filtering. The residue is washed several 
times on the(tared) filter, dried, and weighed wilh the filter. 

0. The aviount of alkali carhonate is detmoiined with .'>0 e.e. of th<‘ above 
solutions and normal hydroeldorie acid. The amount <>f alkali found is 
calculated to potassium carbonate. 

k The chlorme couknt is tested for by mmlndising .')() c.c. of a s/dulion 
of potasli with nitric acid and titrating with N. silvcrsoluti<m in presence 
of potassium ehromati*. 

5. The a/Noiail of .sulphuric avid is tested for uitli barium chhiride, 100<\e. 
of the solution, aflm- being a<*idilied wilh hydrochhirie acid, being preeipi- 
tated in the hot stat<‘ with barium chleride, and the resulting barium sidpimte 
calculated to potassium siiiphat/'. 

(i. Potiixxiuu} Couleiif. .'<0 <•.<•. of the solid itni are acidified in a 100 e.c, Hask 
with hydroi’hlorii' acid. 'I'he ••niphurie acid is precipilated with barium 
chloride, an excess of the latter being avoided, ’l ln* flask, after being re- 
cooled, is filled to the mark and shaken, the eontents filtered, and gO e.e. of 
the filtrate taken to determine the potassium with jilalinuni chloriile. 'rim 
weiglit of potassium platimudiloridi* found is calculated to potassium 
carbonate. 

Potassium chloride and sulphate (f and 5) are ealeulaled to potassium 
carbonate and deducted from the weight obtained in (», the remainder being 
the real amount of potassium carbonate. On dedin ting (he nmiainder from 
the weight obtained in S the amount of .s<Nlium carbonatir is found by 
calculation. 

iSoda Is generally te.sted for the amount of moluhle re.sidue, the content of 
sodium carhomtfe, cauxlic soda, .sodium xulphale, common .sail, iron, and .smlium 
sulphite. 

50 gnus, of the commercial soda are dissolveil In water and allowed to 
stand ibr two to three hours, filtered, washed, and the residue dried and 
weighed. The filtrate and the wa.shing waters are completed to JOOO e.c. 

20 c.c. of the filtrate (equal to 1 grin, of dry soda) are treated with normal 
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hydrochloric acid for the test for sodium carbonate, and deducted from the 
subsequently found weight of caustic soda. 

Caustic Soda. —20 c.c. of the filtrate are treated with an excess of a 
10 per cent, solution of barium chloride in a 100 c.c. flask. The flask is 
filled with boiling water up to the mark, shaken, and tightly closed. When 
the precipiUte has entirely settled down it is filtered through a dry filter, 
arid the caustic soda afterwards determined in 50 c.c. of the filtrate with 
normal hydrochloric acid, in presence of litmus as an indicator. 1 c.c. of the 
acid used is equal to 0 0d grm. of caustic soda in 1 grm. of the commercial soda. 

The content of.todimn sulphate is tested for as follows ; 20 c.c. of the filtered 
soda solution are acidified with hydrochloric acid, precipitated with barium 
chloride, filtered, washed, heated, and weighed. 1 part of barium sulphate 
is equal to 0'd()94' part of sodium sulpliate. 

Common SaU.—^iO c.c. of the filtered soda solution are neutralised with 
normal nitric acid, treated with a solution of potassium chromate until a 
distinct yellow colour is obtained, and then treated with normal solu¬ 
tion of silver nitrate, until the precipitate is distinctly plnk-red in colour. 
Each c.c. of the silver solution represents () ()0.585 grm. of common salt. 

Iron. —100 c.c. of the filtrate (equal to 5 gnus, of dry soda) arc neutralised 
with sulphuric acid, reduced with zinc, and treated with a normal per- 
inanganatesolution. 1 c.c. of this latter = 00028 grm. iron = 0 0.56 percent. 

The test for the decree of alkalmtij is best performed by dissolving 26*5 grins, 
of soda with water to 500 c.c. in a small flask. 50 c.c. of a solution of normal 
hydrochloric acid, containing .36'5 grms. of hydrochloric acid per litre, are 
added, litmus tincture being used as indicator. Each c.c. of normal hydro¬ 
chloric acid used represents 2 per cent, of sodium carbonate. 


Caustic Soda 


This need only be tested for the amount of sodium carbonate jjresent. 
Caustic soda being somewhat difficult to weigh, a lump is chopped off for 
analysis. 

Assuming the lump to weigh 10*.59 grms., for instance, it is dissolved in 
water, and the solution made up to 500 c.c. 100 c.c. of this solution are 
used, being then equal to 10 59 — o — 2118 grms. of dry caustic soda. 
Assume, further, that 4'6 9 o.c. of normal hydrochloric acid are used in the 
titration. These data are noted. 

A further sample of 100 c.c. of the above solution of caustic soda 
( = 2118 grms.) is precipitated with barium chloride on boiling, filtered hot 
(the funnel being covered by a glass plate), and washed with hot water 
until the washings no longer turn red litmus paper blue. Filtrate and 
washings are united, and treated with normal hydrochloric acid; 4.3 4 c.c. 
may be supposed to be necessary for this purpose. As each c.c. of the 
normal hydrochloric acid is equal to 0 04 grm. of caustic soda, therefore ; 

43*4 X 0’04 1*736 grms, or = 81*96 per cent. NaOH. 


The carbonate of soda represents 46*9 — 43 4 
hydrochloric acid = 

3-5:0'OSS = 0'1853, or ^ ^ 

' All 1O 


s= 3*5 c.c of normal 
8*75 per cent, 


2*n8 
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Sodium Xifra/t; {Chile SulfpHre') 

The native Chile saltpetre is refined before beiiijf sent to Euro|)e. It 
will therefore only be necessary to lest for the amount of moisture, insoluble 
residue, sulphate, and chloride. 

Moisture is tested for on an average sample. 10 grins, are heated in a 
porcelain crucible to 1‘2*>°C., and weighed perfectly dry. Thedifl'ercnec in 
the two weights represents the moisture. 

Insoluble residues iwo te.sted for in the usual way. 10 grins, of the salt 
are dissolved in water, filtered, the residue washed, dried at 100" and 
weighed. 

Organic bodies are d».‘termined by calcining the weighed residue, and rc- 
weighing afterwarils. 

In a part of the. filtrate, after acidification with hydrochloric acid, the 
sodium sulphate is tested for by precipitation with barium chloride, whilst 
common salt, if present, is tested for by titrating anotlier part of the filtrate 
with normal silver solution. 


Sodiinn Sitiite 

'I'he method of application generally rcipiires an exact determination of 
the percentage of nitrite. According to A. Darbon, this is jnefcrably done 
with a standardised solution ((’/im. /g., xxiii., 1HJ)}), No. 17) of potassium 
permanganate (chameleon). If P’l .'^ptgrms. jiermanganatc per litre; be taken, 
1 c.c. of this solution represents 1 grm. of nitrile. A sample of the nitrite 
is weighed in a small flask, like that used in (piantitative analysis, and 
a small epiaiitity is tiicn put in a funnel in the neck of a 1.00 to ^(>0 c.c. 
Erlenmeyer flask, and dissolved in about SO c.c. of waten*. Several centi¬ 
metres of dilute sulphuric acid (1 H^SO^ to 4 11^0) are added, and titration 
performed with a permanganate .solution. VVhen the colour of the perman¬ 
ganate begins to ilisappear dilute sulphuric acid is again added, this time in 
greater (juanlity, since there is no longer any risk of an escape of nitrous acid. 
By-and by the red colour of the permanganate solution disappears, where¬ 
upon permanganate is added by drops, with all necessary precautions. When 
the red (viz., pink-red) colour is found persistent for about a (piartcr of an 
hour the titration is finished. An excess of permanganate solution would be 
indicated by a precipitation of mangane.se hydroxide, 'i'he reaction can be 
accelerated by heating the solution in the fla.sk to about .'fO'' to 40'^ €., but 
this should only be done towards the end. 


0. COPPER COMPOUNDS 
Copper Sulphate (CuSO^ + .'iHjO; mol. w., 249'*^) 

is found native in considerable quantities as a secondary ])roduet of the 
gradual oxidation of eop{)er ores, e.specially in old mines. In mines con¬ 
taining copper sulphide ores sulphate of copper is formed by the oxidation 
of these ores in the air, and slowly dissolved by the water of the mine. 
Copper sulphate in this case is then .sometimes called cement water, and serves 
partly for the recovery of metallic copper. Old iron is then put into such 
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cement water, and the copper separates as so-called cement copper. The.' 
#;reater part of this cement water is, however, worked up into copper sulphate 
by an evaporating and crystallising process 

C<»pper sulphate forms mostly large dark blue, transparent prisms of 
the triclinic system. The crystals effloresce easily in the air, and arc then 
covered with a white coating. The crystals dissolve readily in water: 100 
parts of cold water dissolve 40 parts, 100 parts hot water 20.‘) parts of 
copper sulphate to a dark blue solution. When cautiously heated copper 
loses four molecules of water of crystallisation, and on being heated 
still further loses the 6fth molecule too, and then forms a white 
powdery mass, gradually turning blue again in the air by absorption 
of moisture. Strongly heated copper sulphate decomposes entirely to 
sul|)hur dioxide and oxygen, which escape, copper oxide remaining 
behind : 

CuS0,=^Cu0 + S 03 + 0. 

Copper sulphate is obtained pure when metallic co]>per is heated with 
strong sulphuric acid : Cu + 2H^SO^ = CuSO^-l-SO^-f-2H„0. This process, 
however, being not advantageous, dilute sulphuric acid is now generally 
used, being poured over coarse copper in a suitable tank provided with a 
double bottom, whereby, through absorption of atmospheric oxygen, copj)er 
sulphate is formed: Cu + H^SO^ -1-0 = CuSO^ -1- H„0. By treating Ilje so-called 
heated concentration stone, containing about ()() ]>cr cent, of copjjer, with 
sulphuric acid, copper sulphate is obtained on the evaporation and crystallisa¬ 
tion of the solutions. The rest of the co])pcr is recovered from the mother 
liquor by means of metallic iron. This copper sulphate contains as much 
as .S per cent, of ferrous sulphate. 

The so-called Sweduk copper sulphate (the purest brand) is manufactured 
by the Sinding process. Cupriferous iron ores are roasted, the product 
treated with water, the copper precipitated as copper sulphide by the aid 
of hydrogen sulphide, and the copper sulphide then oxidi.scd to copper 
su]])hate in reverhcralory furnaces. 

(.‘onsiderablc quantities of copper sulphate are manufactured bio from 
copper residues, cojiper ash, Ac., being oxidised in rcvcrlx^ratory furnaces, 
and afterwards dissolved with sulphuric acid ; also in the separation of 
gold from silver. 

'J’o IVcc the copper sulpliate from the ever-present ferrous oxide, it is 
dissolved in water and the soluli(m mixed with copper nitrate, thus pre¬ 
cipitating all the iron as an oxide, a corresponding quantity of cop))er oxide 
being dissolved at the sniiie time. 

In colour manufacture co])per sulphate serves as a raw material for making 
Bremen blue, emerald green, and otlier copper pigments. 

Cupric Chloride (CuCl, + 2H,0; mol. w., 170-5) 

cry.stallises from aqueous solutions in long rectangular prisms. The 
crystals lose their water when heated, and turn brown. In tlic anhydrous 
state cupric chloride forms a yellowish brown mass witli a metallic taste,' 
deliquescing in the air to a green liquor. 

it is obtained by dissolving copper oxide with hydrochloric acid, or by’ 
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dissolving metallic copper with aqua regia (+ (wtrls stmng hydrochloric acid 
(21° B ) and 1 part concentratc<l nitric acid). 

Copper chloride is used in colour manufacture for producing c(M’lain 
lakes as a precipitating agent. It, is obtained for this purpose by treating 
a solution of copper sul])hate with an ecjuivalent quantity of hariuni 
chloride : 

CuSO, + HaCI^ =. CuCl, + BaSO,. 

J he hariinn sulphate settles down, and the top li(|uor is then removed 
by syphons, filtered, and tlie strength of the l)lue-green solntion ascertained 
from its density (sec 'lahle). 


Cupric Nitrate (Cu(N0J, + (in,0 ; mol. w., 

Ihis salt, is sometimes used in the inanufaeture <»f lake pigments, owing 
to its strongly <»xidisiiig character. It forms l)Iuc colmnn.ir crystals, (nisily 
deliquesces in the air, and dissolves to a blue solution. Wlicn heated it 
decomposes readily, copper oxide remaining l)ehind. It is best obtained 
by treating a solntion of copper sulpliate willi lead or barium nitrate. 


Qualitatwe Asxui/ and QuontiiaUve Ajtah/xis of the Copper Salts 

Copper Sulphate .—An admixture of ferrous sulphate is mostly found, 
zinc, nickel, or arsenic being rare. The commercial articles containing nu*re 
or less iron'are Salzburg copper sulphate, with 7() per cent., Adniont cofiper 
sulphate, with per cent., and double Admont salt, with HO percent, of 
ferrous .suljihate. Double.sulphate is a copper stil])hate crystallised together 
with ferrous sulpliate in variable proportions. 

I’or colour manufacturing purposes it has only to be tc.stcil for the 
content ot iron, which is easily found by treating a solution with an excess 
of ammonia. Cuprous hydroxide is i'ormed, soluble in an excess of 
ammonia to a bright blue liquor, while finely distributed Hakes of ferric 
hydroxide arc deposited. 

In a quantitative analysis it is tested : 

1. hor the moisture content by heating tlie air-tlry salt cautiously and 
tlien weighing. 

2. Tor sulphuric acid by j)recipitation with barium chloride. 

.H. For the content of inm (zinc and nickel l)eing absent)hvjirccipilaliiig 
as hydroxide with an excess of ammonia. 

Ferrous oxide can be directly tested for by the aid of permanganate in 
the usual way, precipitating the copper from the same liquid witli zinc (or 
cadmium) and liydrochloric acid. 

Cupric chloride is tested merely for arsenic, the solubility in water, and 
the content <»f copper. The latter is effected by precipitating the copper 
with zinc and hydrochloric acid. 'I’he precipitate is then dissolved in a 
measured quantity of ferric chloride of known strength, and the resulting 
ferrous chloride is titrated with permanganate. 

Cupric Silraie. —l‘he analysis is limiterl to the test for the content of 
iron and free nitric acid. 
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p, MAGNESIUM COMPOUNDS 
Magnesium Oxide {Magnesia; MgO; nn»I. w., 40) 

This oxide forms a fine white, voluminous, inodorous, and tasteless 
powder, nearly insoluble in water. It melts only at a very high temperature. 
Magnesium oxide is easily dissolved by most mineral acids, and their solu¬ 
tions yield the corresponding salts. It reacts slightly alkaline to red litmus 
paper. From the air it absorbs carbonic acid, and combines then to form 
magnesium carbonate. 

It is obtained by calcining magnesium carbonate, in colour manufacture 
it is sometimes used as a carrier in the manufacture of very fine specifically 
light chrome yellows. 

Magnesium Carbonate (MgCO.,; mol, w., 84) 

is found native as a crystal, called magnesUe, at Frankenstein (Silesia), and 
associated witli calcium carbonate as dolomite, forming large masses of rock. 

When a solution of magnesium sulphate is treated with soda a white, 
gelatinous precipitate is obtained, which, when dried, forms a soft, very light, 
white powder, while magnesia (magnesia alba), sometimes used as a basis in 
the manufacture of lakes. It is considered to be a combination of magnesium 
carbonate with magnesium hydroxide, of the formula SMgCO^ +Mg(OH) 2 . 

The precipitation of this salt and its structure ilfepend, however, largely 
on tile concentration and the temperature of the solutions, but especially on the 
quantity of the precipitating medium used. If the precipitation is performed 
in the cold some magnesium bicarbonate remains in solution. 


Magnesium Sulphate {Kpsom Salt; MgSO^-f-7HyO; mol. w., 246*8) 

forms water-clear, colourless, easily soluble, small crystals of the rhombic 
system. The solutions have a disagreeable,bitter taste. Heated to 1.50° C., 
it loses six molecules of water of crystallisation, the seventh molecule, however, 
only at 200® C. When crystallised from aqueous solutions at .80® C. it is 
obtained with only six molecules of water of crystallisation, and tlien forms 
crystals of tlie moiioelinic system. 

It is obtained on a large scale from bitter waters by evaporation and 
crystallisation. On decomposing dolomite with sulphuric acid magnesium 
sulphate is obtained in considerable quantities. In this case gypsum is 
formed, settling down to the bottom, and the magnesium sulphate liquor is 
then crystallised out. 

The kieserite of the Stassfurt mines is a magnesium sulphate with one 
molecule of Mater of crystallisation. Combined with Olauber salt, it forms 
astrakanite, with 4 mol. H,0. Kainii consists of magnesium sulphate and 
potassium cldoride with 3 mol. H^O. The tuo latter minerals are also 
found in the Stassfurt salt beds. 

Magnesium Chloride (MgClj + 6HjO; mol. w., 203*3) 

In the anhydrous state it forms a white, transparent mass. When slowly 
heated it melts, and forms on recooling a crystalline mass, which reatlily 
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dissolves in water, the temperature risinj; oonsideraMy. When eonceiilrnlcd 
this solution very sparingly deposits crystals, of the formula Mg('lj + (ill,0, 
dtdiquescent, and with a sharp, hitter taste. When heated the crystals lose 
hydrochloric acid anti water, and are converted inU) a mixture of inagnesiinii 
oxide and magnesium chloride. Menee it is not obtainable in the an¬ 
hydrous state by evaporating the stihition without being decomposed. It is 
a constituent of many mineral waters, brine springs, sea-water, and is often 
found in common salt, thereby rendering it bygrose»>ple, pure eommon salt not 
being hygroseopieal at all. in the Stassfurt mines it is found as ('(ir/itillitv, 
combined witli potassium ehloride (KCLMgCI^ + (ill^O), us 
with ealeimn cbhn'ide, and coml)ined with magnesium borate as horatita 

[2(;iMg().m/),)+MgCI,]. 

It is oblaine<l dry by treating its aqueous soluli«m with sal ammoniac and 
evap«)rating to dryness atterwards. I'he resi<luc is then bea’tal to redness, 
the sal ammoniac being volatilised, wliilst fuseil magnesium eldoride remains. 

I he volatilised sal ammoniac prevents over-heating ami attemhmt dissocia¬ 
tion of the product. 

Magnesium chloride is sometimes used in colour manufacture for pro¬ 
ducing lakes. 


'iesis for Maguexiiim Sails 

The magnesium salts soluble in water have a latter taste, and are not 
precipitated by ammonium .sulplnde, eaustie soda or polasli, or amimmia if 
ammonium salts are present. S<.ulium phosphate alone gives with such 
solutions a white precipitate of ammonium magnesium phosphate, insoluble 
in liquids containing ammonium salts. In very dilute solutions slniklng or 
stirring aids the formation of the precipitate. J'he loW(‘r part of the Ihniscn 
flame is not coloured by magnesjum salts. 

Magnesium comj)ounds rarely need t<‘sting for colour manufacturing 
purjioses. 


(/. ZINC COMPOUNDS 

Zinc Sulphate (ZnSO^ -I- 711/); mol. w,, s;87) 
occurs sometimes native as a secoinl.iry product from the oxidation of 
zinc ores. I he artificial jn'oduct generally forms large vitreous, tninsparent 
crystals of tlie rhond)ic system, readily .soluble in water. I'Vom a(pieous 
solution it crystallises easily at 80^' C., but the crystals contain only f) mol. 
H/). When heated it melts in the water of crystallisation, and loses six 
molecules at about lOO'’ the seventh, however, only at a low red heat. 
W'hen strongly heated it dectunjwses to zinc oxide, sulphurous acid, and 
oxygen. Tlie aqueous solutions decomjKise, when boiled, to an insoluble 
basic and an acid sidt. 

Zinc sulphate is obtained on a large scale by dissolving metallic zinc 
residues with sulphuric acid or hy roasting ores containing zinc. These 
latter are leached with hot water, the zinc sulphate crystallising on 
recooling. The salt is also obtained from pyrites in a similar way. 

In colour manufacture it is now only used for making certain resinate 
lakes. 



m 


COLOUR MANUFACTURE 


Zinc Chloride (/n( ; mol. w., I'ld) 

In the anhydrous slale it foniis a white-jfrey (if absolutely pure, a white), 
sometimes transparent mass (zinc buller), easily deliquescing and volatilising 
when strongly lieated. U dissolves in water in any desired proportion. 
The .Kjueous solution has a repellent, burning taste, and has a strong 
alkalineeliaraeter when eoneenlrated. From aqueous solutions it crystallises 
only with ditlieulty as a hydrated salt. It is obtained by dissolving zinc 
residues with hydroeh]i»rie acid and evaporating this solution to a 
syrupy consisteiK-e. Hy decomposing pyrite residues containing zinc 
solutions are ol)tained which yield zinc eliloride when treated with common 
salt. The (ilanher salt also formed crystallises out entirely. Anhydrous zinc 
chlorj(h^ is formed by heating a mixture of zinc sulphate with eonimon salt, 
the zinc eliloride being sublimed: /nSO^ + L'NaCI ~ Na,^S(), 4 -i^n(\. It is 
used in {‘olour manufacture as a precipitating agent for some lakes. 

Zinc Sulphide (ZnS ; mol. w., 97) 

is found native as so-called zinc blende, one of the most important zinc ores, 
and fonns bright yellow to brown, semi-transparent, regular crystals of the 
tesseral .system. 

Zinc sulpliide is obtained as a white precipitate hy precipitating a 
solution of a zinc salt with ammonium sulphide. 'J'he same jiroduct is 
also obtained by reducing zinc sulphate with carbon ; less easily by heating 
zinc oxide with sulphur. 

Zinc sulphide has latterly acquired special importance as a eonqionenL of 
lithopone. 


Zinc Carbonate (ZnCO^ + lM); mol. w., Ii.'i) 

It occurs naturally as so-called zinc spar, and tlien forms rliomboliedra 
isomorphous with calc spar. On precipitating a soluble zinc salt with 
sodium carbonate a gelatinous white jirecipitate of basic carbonate is 
obtained, approximating to the formula Zn('0,-hZn(()ll)... The precipitate 
is rarely used in colour manufacture. 


'J'eslx for Zinc (^onijiounds 

Most zinc combinations arc soluble in water, all, however, in hydro¬ 
chloric acid. The aqueous solutions redden litmus {Miper From the 
solutions ammonium .sulphide precipitates white zinc suljdiide; caustic 
pot.'ish or soda, asw'cll as ammonia, give wliite zinc hydroxide, redissoive<l in 
an excess of the alkali. Alkiili carbonates precipitate basic zinc carbonate. 
Zinc or zinc salts, when moistened with a solution of cobalt nitrate and 
heated in the blowpipe flame, give a bright green, unfused mass. Heated on 
charcoal, the zinc eoinpounds give a yellow incrustation, turning white when 
cool. The (jna/italive text for colour manufacturing purposes is a very 
limited one, zinc sulphate and zinc chloride <iione being of interest 
The lest, if necessary at all, is confliied to the content of iron and copper, 
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other salts, like mafjuesium or caleiiinr sulphate, for instmico, l)cing 
innocuous, 

Pure t/m-acidified with nitric acid should not ^[ivc a Iduc colour 
with yellow prussiatc, nor any precipitate aTtcr an addition of siitpiniric 
acid. In testiiij; for c ilciuni or ina^nesiiim the zinc must first he removed 
. byainmoniuin sulphide. 

The moisture content is tested for hy the loss of wei^jhl on j:cntle 
heating. Sulphuric aeid is tested for with l)arium chloride, iron by precipita¬ 
tion with ammonta. 

'/,i>u' i Itluridf —In the anhydrous commeri’ial produel only the ahsoiule 
solubility with water is lesleti for, a proof t>f the alisenei'of zinV oxyehloride. 
1 he liipiid salt must be tested for fret* acid. A strip of paper cohmreil with 
ultramariiK* blue (not fast to alum) and put into the solution of zinc ehlorlde 
should not be decolorised In the abseuci^ of neiil. 'I’he test for iron is pi-r- 
forme<l as already expl.iined for zinc sulphate. The specific gravity is a ^ood 
test for the commercial article (see lable). 


r. TIN COMPOUNBS 

Stannous Chloride {Tin IHvhkmde, Tin Sail; SnCl, ; 

inol. w., 

forms small, clear, inonoelinohedral pri.sms, readily soluble in a little water. 
The dilute aqueous solution decomposes, with formation of a basic salt, 
Sn(()n)(’l, producing a milk-wdiite aj)pcarance. 'Miis circumstance arises 
when water containing air is used for the solution, or <-an he obviated by an 
addition of tartaric or hydrochloric acid. Jf the clear solution of a tin salt 
lie ex(>osed a certain time to llic influence of the air, the tin iliehloriile 
changes hy-and-by into tin tetrachloride and theahove-nientioned basic salt, 
by absorption of atmosplieric oxygen; .‘{SnCL+ H^O + O^-- SnCl^ f I)(l. 

In the anhydrous state tin salt forms a wliite, transparent mass, luelling at 
2/50° C., and subliming at a higher temperature. Crystallised tin salt is 
obtained by dissolving tin filings with hydrochloric aci<l, evaporating and 
crystallising the resulting solution. According to Stwllner* vapours of 
hydrochloric acid are passed over coarse tin placed in earthenware jiots, and 
the tin salt solution is evaporated in presence of granulated tin in tinned 
pans. Anhydrous tin salt is obtained hy heating tin with dry hydrochloric 
acid vapour, or hy the sublimation of the aquiferous (in salt. 

It is largely usetl in the manufacture of lakes from natural and artificial 
colouring matters. 


Stannic Chloride {Tin Telrach/oivh'; S»i(1^( + .'>II^O); mol. w.,‘J()0, 
water free) 

is a colourless, but in thick layers yellowish, highly volatile liquid, which 
in air gives rise to a deuse white vapour like that yielded by hydnichloric 
acid gas. Weak solutions, when boiled at 120'' C., are resolved into 


K. Kisclier, .Vanvn! of I'/n'iiiictil 'IWInnihHjy, 
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hydrochloric acid gas and metastannic acid, the latter forming a bulky 
white precipitate : 

Sn(;l,+ ‘Mip .. H,Sn 03 + idlCl. 

Stannic chloride is still liquid at - 20° and forms crystalline hydrates, 
with varying contents of water. It is obtained in various ways. According 
to F. Fischer,* it is prepared by dissolving tin oxide in hydrochloric acid. 
The stannic clilorlde solution is then mixed witli about JO per cent, of its 
weight of magnesium chloride, about ^ per cent, magnesia alba, and 20 to M) 
per cent, of sand or diatomaceous earth. Fnnn the dried porous mass the tin 
chloride is then distilled in a current of .superheated steam. It is also obtained 
by the distillation of a mixture of tin clij)pings Muth mercury chloride. In 
colour works it is generally produced by treating 80 j)avts of a tin salt solu¬ 
tion (.50° H.) with 48 parts of hydrochloric acid (J0° 13.) in a large earthen¬ 
ware pot with continued stirring. I3y-and-l>y 8 parts of cr)slalli.scd potas¬ 
sium chlorate are added. The whole must be continually stirred, to prevent 
the liquid overflowing. With these weightsas(flutionof tin chloride (41° B.) 
is obtained. The 50° B. solution is obtained hy dissolving .S.') })artsof cry.stal- 
lised tin salt with 20 parts of water. 

'I'hc anhydrous compound is formed when metallic tin (residues) is treated 
with chlorine, the tin hnrning and subliming to stannic chloride. 

Stannic cliloride is used in the manutaeture of l.ikes, but much less 
than tin salt. 

By dissolving tin w’ith aqua regia the so called “tin nitrate” is obtained, a 
liquid (chiefly tetrachloride) sometimes known as “ composition,” or physic 
salt. ’I'lie so-called pink salt is a compound of tin tetrachloride with sal 
ammoniac, the formula being SnClj + 2N'H^('l. Tlie highly conccntrited 
solution of this compound is not changed on boiling, but dectnnposes. if 
lieated a certain time, to a double salt, tin oxide being precipitated. Tlie 
absolutely neutral reaction of the pink salt and its property of not changing 
.at boiling heat render it more suitable in colour manufacture than the always 
acid tin salt. 


Sodium Stannate (Na^SnO^ + SH^O; mol. w., 22()) 
forms hexagonal crystals with throe molecules H^O, and is readily soluble in 
water. In colour manufacture it is used like the other tin salts. 

It can he obtained by fusing tinstone with caustic soda and afterwards 
crystallising tlic solution ; or by treating litharge with caustic soda at C. 
The mixture must he diluted with w.ater, and then granulated tin added 
to the hot sohition, sodium stannate being formed and tlie lead separated in 
the form of lead sponge. Sodium stannate gradually decomposes in the air 
to stannous oxide, tin, and stannic oxide, the stannous oxide also gradually 
oxidising to the stannic condition. 


Tests for Tin Compounds 

Tin Salt .—The commercial article may contain compounds of lead, zinc, 
and copper, and is sometimes intentionally adulterated with magnesium 

* F. Fischer, Mimunl of Chrmical Technology, I8y3. 
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sulphate. If a clear solution of tin salt is treated with ammonium sulphide, 
the sulphides of tin, copper, zinc, anti lead are obtained. I'lie tin sulphide 
remains dissolved in an excess of annnonium sulphute. whilst the other 
sulphides arc insoluble. In tlie test for in.n^iK'siuin sidphate, tin, lead, 
copper, and zinc must he removed by hydrojjen siiiphidt' and ammonium 
sulphide, anil followed with sodium phosphate. ’I'he property of pure tin 
salt to dissolve entirely in aIc*>hol is al.so nlllised for analvtieal pur|HJses. In 
the alcoholic solution of tin diehloride the zinc and magnesium suipiiate 
remain behind as a crystalline mass, whilst stamiie compounds are observable 
as a flocculent or powdery precipitate. 

The total content of tin can be tested ft»r by precipitating!: the tin with 
hydrogen sulphide. 1 he tin sidphide is dissolved \n itJi nilrie acid, evaporated, 
the rc.sidue heated and weighed as stannic oxide. 

Stannic c/i/ori/lc is sold as a H, solution, and then geiierallv contains a 
certain (juantity of nitric acid, it is also S4>ld as a deliquescent mass, or— 
though very seldom -as large crystals with a variable content of common salt 
(up to :10 per cent.). 

1 he content of nitric acid is tested for by putting ;i crystal (►f ferrous 
sulphate into tin* tin chloride solution, a bright red (■(►loralion being 
formed if nitric acid is present. The total content of tin is te.sled for in the 
same way as for tin salt J he specific gravity test is generallv quite 
sufficiejit for colour manufacturing purposes. 

J*ink Salt (Ammonium tin clih)ride).'-\Vitli regard to the very variable 
content of ammonium chloride, the lest for the eonlent of tin chloride is 
specially important. It is effeeted gravimetrieally l)y a method similar to 
that described above. 


.V. ACIDS 

Sulphuric Acid (H^.SO,; mol. w., qw) 

This acid being the most important for colour manufacturing purposes, 
its properties may he thoroughly explained. 

In a very concentrated state sulplnirie acid forms a thick, liquid, oily, 
absolutely colourless mass of sp. gr. rS.SHt (()()‘’Ih). The traile article 
generally appears more or less brownish in colour hy accidental iuqmrities, 
such as fragments of coal, dust, ite. Sulphuric acid has a rapid destruc¬ 
tive action on organic materials (aniniat as well as vegetable), and must 
therefore always he treated very cautiously. A special property of sulphuric 
acid is its considerable capacity for absorbing water, which it takes up from 
the air, and is thereby gradually Meakened. In the same proportion as the 
atmospheric water is absorbed, the capacity for further absorption of water 
decreases, until it cease.s completely. I he commercial acid is therefore never 
pure, since it always contains more or less water. I'lns circumstance must 
be taken into consideration in using the acid, as llie variable sliades of colour 
sometimes obtained when sulphuric acid has been used (Prussian blue, zinc 
chrome, chromes, Ac.) arc generally caused l)v its readily altered strengtli. 

Sulphuric acid can be distilled, the Ixnling-point, however, being very 
high (338° C.). During distillation it is partly decom|x>sed,sulphuric anhydride 
escaping, while 98‘7 percent, of acid distils over. Below 0° C. sulphuric acid 
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sets, and then often forms regular hexagonal prisms. If commercial sulphuric 
Hcid, which generally contains some water, is cooletl below O'*, crystals of the 
pure acid arc prodtu'ed, melling at H- loM’. 'I'hc moll<*n aci<i rtinains 
iitpiid hclow O ', hut sets suddenly il’ some crystallised acid is added and 
then the temperature rises to + lO .)'-. Sulpliun(r acid mixes with water in 
any jwoporlion, with liberation of beat. If strong sulpliurie acid is mixed 
with water the liquid may suddenly rise to boiling beat, and be spirted about, 
espeeially if no earci is taken to seeure (‘qual distribution l>y thoroughly 
stirring (see p. Ifi). Anollier peculiarity can also I)e observed in the 
dilution. 'I’he volume of such mixtures is always less than the sum of the 
vidmnes of their e<MHjKUK‘nts, a eonlraetion taking place of about ‘Jp : 1000; 
i e., .;0 c.e. sulphuric acid and ."50 c.c. water at I.V.V' (.'. will give qT l c.e. and 
not too c.c. of dilute acid after the mixture lias been cooled to the same 
temperature. This circumstance allows one to assume that sulphuric acid when 
mixed with water not only forms mechanical mixtures, but a real chemical 
compound with a distinct quantity of water, the resulting heat being then 
explained. If, for instance, acid and water are mixed in projiortion to their 
molecular weights, viz., parts of sulphuric acid and 18 jiarts of water, an • 
acid of a specific gravity 1-78 and cry.stallisiiig at 4° C. is formed. 'I'his 
supposed chemical combination must be a very light one--for instance, like 
that of the combined water in crystals. When such an acid with a higher 
proportion of water is heated it parts witli its water first, and only very little 
of the acid, the boiling temperature, however, increasing at the same time, 
until the residue in the retort shows a concentration of 98-.') per cent. Only 
when this point is reached does the rest distil at a constant temneratiire of 
838®. This means that the boiling-point of such a mixture decreases pro¬ 
portionally to the quantity of water, and the specific gravity of the dilute 
acid also decreases. From the specific gravity of dilute sulpliurie acid tjie 
content of pure acid can be gauged (see Table). 

Suljilmric acid being one of tlio strongest acids, reddens blue litmus 
paper very distinctly even if very highly diluted (1 to 1000). By reason of 
its high boiling temjieratiire, sulpliurie acid displaces most other acids 
from their combinations, and is therefore often u.sed in their manufacture. 
Sulphuric acid seems to be entirely decomposed by strong galvanic action. 
Hydrogen gas reduces sulphuric acid to hydrogen sulphide. 

The destructive action of sulphuric acid upon organic combinations 
must be explained by its hygroscopic capacity—namely, that it extracts the 
water in the form of the component liydrogcn and oxygen, the carlion then 
for the most part being separated or carbon combinations of a more or less 
lilaek-brown colour being formed. This may explain the blackening of wood, 
^’c, on contact with sulphuric acid, as also the brown shade of the .sulphuric 
acid when accideiitaliy contaminated with organic bodies. 


Manufacture of Sulphuric Jcid 

'J’liere are three brands of sulphuric acid practically known : 

1. Ordinary .sulphuric acid, sometimes called English acid. 
a. Fuming .sulphuric acid (Nordhauser acid, oleum). 

.8. Sulphuric anhydride (pyrosulphuric acid). 
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I he owliimry sulphuric uciil is now iiiHiiiifiirtiircd on the l«rjj;esl senie by 
burning; pyritesinnlsni>s<*{jnent oxid.ilion ol’ the resultinj; Milphnrons arid in 
so-oallei! leaden elminlxTs. 'riu- inaimiat tnre Ix lonijs to a wi<ler sphere of 
chemical industry, aiul can only he hricHy meniioned here. 

Aceordin<; to (i. sulplinrie acitl is produced in two strtjfcs : the 

formation prineipally depends upon an inleriiiediat<‘ produethm of nitrosyl- 
sulj)hurie acid deeomj)<»se«l hy an exc<“ss oi‘ waler Intt) stdphurie acid; ilie 
chemical reaction may be explaimal as I'ollows: 

4 N„(\ + O, + II/) ■.;S().,<)II,()N(); 
and afterwards, with an exe<‘ss of water: 

'2SO,,()II,ONO + Up = 2II,S(), + N/),; 

this latter apiin forming nitrous acid witli water, the whole cycle beginning 
anew. 

I lie oxidation of tile sulphurous acid to sulphuric acid is done in 
spacious rooms about 1.') ft, high, 10(1 ft. in length, ami up to :i!) ft. 
wide. The walls are of lead, and very (irndy welded. 'I'hese so-called 
leaden ehamliers, generally lliree siile hy side, are on a strong wixulen 
frame, providetl with a cover, and witli gangways all round the ehamhers. 
The c<»ver and the side walls of the ehamhers only are lead, Ihe hollom 
dipping like o|>en hells into shallow Ixisins. At the <*nd of the chainher 
plant is placed a higli chimney to set uptln^ necessary draught. .Sulpiiuroiis 
acid and steam are introduced into the chambers, together with ntmosplxTie 
air and nitric acid. The sidjihnrous acid is now mostly obtained hy roanting 
iron or eofiper ores in special furnaces. These latter allow the draught to 
he regulated exactly, so that a suitable excess of <»xygen can he maintained. 
'Die nitric acid is led in as such, or obtained hy decomposing .s<xlium nitrate 
with sulpliurie acid in pans heated hy the furnaces used for roasting. 

The chambers are connected wilh two towers, one of lliem, the so- 
called Glover lower, being used for concentrating tlie sulphur dioxide gas 
hy cooling and saturating it with nitric acid. 'I'he second, or Ga'i-Ltixuac 
lower, serves to recover the gaseous nitrogen compounds (‘oming from the 
chambers, 'fliis is done hy passing the gas through a mass of coke 
moistened with sulphuric acid. 'Mie nitrogen compounds are .Hhsorl)^!!, and 
leave flic tower as sulphuric aeul containing nitric aeiil, tlie so-called Jiilroxe. 
This nitnise is mixed wilii nitric acid and passed through the (ilover tower, 
where it is denitrated hy the sulphuric acid and discharged as pure sulphuric, 
acid. 'I'he denitration of tlie nitrosc is, as already inentioneii, for the 
puriKise of returning the nitr<»se comhinations to the cycle of the chamber 

pr<>cC‘'S. 

The siilpluirie acid forme<l in the ehamhers settles to the bottom. It 
has the specific gravity and contains no more than f)t per cent, of pure 
n,S(),. 'I’lie so-called c/mw/xT om/is passed into « system of leaden pans, 
in which it is concentrated to the specific gravity r7.^>, containing then 
77 per cent, of pure acid. A stronger acid corroiles the metal, so that 
furllier concentration is ertected in glass or platinum vessels, generally to a- 
sjieeific gravity of uhoul I (fifi’ H.) - t.e., to the specific gravity of the 
ordinary commercial acid. 
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For the manufacture of chemically pure sulphuric acid this acid must be 
distilled in retorts of glass or platinum. 

The fuming or Nordhauxer sulphuiic acid is considered to be a solution of 
the anhydride, SO;,, in sulphuric acid, and is manufactured by heating ferrous 
sulphate, FeSO^-h 7H.,0' When moderately heated it loses first its water 
of crystallisation, and at a higher temperature decomposes by absorption 
of oxygeti to ferric sulpliate, and this in turn to ferric oxide, sulphuric 
acid, and sulphuric anhydride. J'his latter is dissolved by the distilled acid. 
The heating is done in earthenware retorts, placed in rows in a furnace. 
The ferric oxide remaining in the retorts is known in the trade as caput 
morluum or cakotlmr. The fuming sulphuric acid is therefore not a special 
chemical combination, but only sulphuric acid containing a greater or smaller 
quantity of dissolved anhydride. It is put on the market as a yellowi.sh to 
brown coloured oily liquor of sp. gr. 1*86 to I*}); it fumes in the air, 
violently absorbs the atmosplxTical moisture, and hisses when mixed with 
water. It is but very little used at present, 

Ptjrosulphuric acid, is now purchasable. It is made from a solution 

of one molecule of sulphuric anhydride in one molecule of sulphuric acid : 

SO, + H,SO, = H^S^O.. 

According to fVinUers co7itacf method, sulphuric acid, when heated, is 
decomposed to sulphurous acid, oxygen, and water. The latter is first 
retained by concentrated snlphuric acid, and tlie mixture of sulphuric acid 
and oxygen is led over glowing asbestos, whereby it is converted into 
anhydride: SO^ + O-SO,,. This Winkler process is thought likely to cause 
a revolution in sulphuric acid manufacture. 

'I'he true sulpliuric anhydriile, SO^, forms at the ordinary temperature a 
colourless liquid, setting below I()° C. to a mass of felted acicular crystals 
like asbestos, and boils at 4()'’ to 17^ C. 'I'he commercial anhydride, sold in 
tin boxes weighing 1.30 lbs. each, contains 98 per cent of anhydride and 
2 per cent, of sulphuric acid. Sulphuric anhydride acts as a poison and 
corrosive on the organism. 

Nitric Acid (HNO,; mol. w., 6.8) 

Nitric acid forms a colourless, fuming liquor, with an acid smell and a 
specific gravity of 1’52. It sets at 50" C., boils at 80® C., absorbs water 
from the air, and turns yellow in the sunlight, with partial decomposition to 
nitrous acid, water, and oxygen. Nitric acid stains the skin, wool, silk, and 
feathers yellow, dissolves many metal.s,and easily cedes |>art of its oxygen to 
substances like phosphorus, sulphur, &c., which are thereby oxidised. Nitric 
acid mixes with water in any proportion, with reduction of its specific 
gravity. 'The acid of sp. gr. 1*42 is considered to be a special combination 
of nitric acid witli water, of the formula .811,0,2HNOj. This combination 
has a steady boiling-point, and is not changed by boiling or in sunlight. 
If highly dilute nitric acid is distilled, pure water is given off first, and the 
boiling-|M)int constantly increases, but remains steady at 128® C., whereupon 
an acid of sp. gr. 1*42 distils over. 

Organic bodies are attacked by strong as well as by dilute acid. Certain 
organic colouring matters are decolorised—for instance, indigo solution. 
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This also proves tlie strongly oxidising action of nitric acid. Organic 
bodies are decomposed in such a way timt a portii)!! of tlie Iiytlrogen is 
eliminated as water, aiui is replaced l/v tlie atoini<' group N(\. formed liy the 
partial decoinjiosition ot the nitric acid. Such organic hodies are ealh'd 
nitm and will he desnihed Interim in the manufacture of lakes. 

When organic bodies are treated with nitric acid the temperature rises; 
sometimes a flame is obscrve<l ; and therefore lln* so called “ nitrifieailoii ” 
must always he done in tiie cold (in vessels paek<-d with ice). 

Nitric acid behaves in a peculiar manner towards solutions of ferrous 
sulpliatc. !i nitrates or free nitrii* aeiil are mixed with strong sulphuric 
acid, and afterwards a strong solution of ferrous sulphate is mhied, s(» that 
the liquids do not mix together, hut form scpiratc layers, a coloured zone 
can hcohserved, reddish, violet to hinck-lirown, according to the (piaiitity of 
nitric acid, at the place of contact hetween the two liquids, 'riiis peculiarity 
is used as a (jiialllativc test for nitric acid or its salts. 

Hal Jilfrir (icid is a dark red, iqiaipie liquor, giving oH'thiek red 

vapours in tlic air, and is considered to l>e a saturated soluthm of nitrogen 
tetroxidc, in nitric acid. It is largely used as a jKiwcrfuI oxidising 
agent. 

Maunfacture of Nitric Acid 

Nitric acid is manufactured on the large scale hy decomposing ('hilc salt- 
petre with sulpimric acid: NaXO, + H^.S(\ NallSO^-t-H NO.,, or at a 
iiiglicr temperature : ‘.^NaNO^ + ! 1,S()^ t.-- Na^.SO, + ‘il INO^. 

Horizontal cast-iron cylinders are now usc<l for this purfiose, built into 
a furnace so as to he equally bathed by the hot gasi-s. In the front i-nd is 
placed an opening for supplying the Chile saltpetre through an eiirtlK'iiware 
funnel. During the process this opening is closed hy an earthenware plate. 
The hack of the apparatus has an iron pipe, luted with clay, for leading 
the nitric aci<l vapours into a system of clay |>ols. These pots (sometimes 
called tourills or homhonnes) are connected together hy taiils or elhow-pipes, 
and the last one is connected with a lower (the alisorption tower), fitted 
inside with a coiisiderahle number of liorizontrd earthenware plates, kept 
moist with water running down as a very thin stream, 'fhe water gradually 
flows through from one pot to another, condensing the nitric acid vapours, so 
that the pot nearest to the furimcc therefore contains tlic strongest nitric 
acid. 'I'liese pots can he emptied from time to lime by liydraulic pressure. 
The niiric acid obtained in this way is generally yellow or red from nitrogen 
tetroxidc, and must be Ideacfml—i.e., the acid is heated in earthenware pots 
or coils until no more red fumes of nitrous acid escape; or hot air is {mssed 
in until decoloration occurs. At present air is supplied under pressure to the 
distilling vapours. The hydrochloric acid, always present, is then volatilised 
as chlorine gas. 

Red fuming nitric acid i.s obtained hy treating one molecule of sulphuric 
acid with two molecules of Chile saltpetre. On heating the mixture 
colourless nitric acid is first received, as long as any free hulphuric acid is 
present. When the reaction is finished a mixture of sodium hisulphate 
and saltpetre (two molecules) remains in tlie cylinder. 'I'liis residue is 
strongly heated, and then gives neutral sodium suljihate and nitric acid, 
the latter, however, at once decomposing to nitrous acid, oxygen, and water. 
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The red fumes of the iiitrous acid dissolve in the distilled nitric acid, and' 
then form the red fuming nitric acid. 

Hydrochloric Acid {Muriatic .Irul; IIC’l; mol. w., ,'if) r>) 

CoimiuTci.'d hydrochlorie acid represents a solution of hv<irogen chloride 
gas in \val(T,and is in the pure slate a colourless, fuming li{|iiid, with a sharp 
stnell am! very acid taste. It very strongly attacks most metals and dissolves 
th<-m. Cnuhr commercial hydrochloric acid is generally more or less yellow 
from ferric chloride, and contains besides small (piantities of sodium sulphate, 
common salt, selenium, and arsenic. The solution, if saturated in the cold, 
has the specific gravity TSl, and when heated a large volume of hydro¬ 
chloric acid gas escapes. In practice an acid of about B. (sp. gr. ri7) or 
even less (sp.gr. ri.52 = 19° B.) is generally manufactured. When heated 
the boiling-point increases to 110° C., remaining steady at this point. By 
distillation at this temperature an acid with a sp. gr. of only l-IO is 
obtained, containing 20 2 parts of hydrochloric acid gas in 100 parts, and i.s 
considered to be a cominnation of one molecule of hytlrogen with eight 
molecules of water; HCl -f 8HjO. This acid no longer fjimes in the air. 

'I'lie pure combination of clilorine with hydrogen, hydrogen chloride, is a 
eolourless gas, and gives off thick white, sharply smelling, irrespirable fumes 
in the air. It acts very injuriously upon the respiratory organism, easily 
])i'oducing inflammations on the skin. It reddens blue lilnius paper very 
strongly, and is very easily soluble in water. One volume of water dissolves 
at 0° C. nearly 400 volumes of hydrochloric acid gas. This great solubility in 
water explains the formation of the white vapours in tim air. I’lns latter 
always containing water vapour, the hydrochloric acid gas eoinhines witii It 
to a less volatile combination, forming the fog aforesaid. In absolutely dry 
air hydrochloric acid gas gives no fumes at all. 

'I'he aqueous hydrocliloric acid is obtained as a by-product in the manu¬ 
facture of soda from common salt (see page fil5). On distilling the crude 
liydroehloric acid (free from arsenic) the cliemically pure acid is obtained. 
Nowadays hydrocliloric acid is also obtained from electrolytically manufac¬ 
tured chlorine ga.s, being passed with steam over coal heated to dull redness, a 
very pure proiluct being obtained. The method of manufacturing hydro- . 
chloric acid from common salt is, of course, only practicable if worked as a 
by-process of tlie Leblanc soda process. 

Oxalic Acid -i-2HjO ; mol, w, 126) 

Oxalic Hci<l crystallises in colourless, transparent, small monoclinic prisms 
with 2 mol. H/), which escape when it is healed at 100° C. The crystals 
effloresce after a <‘<‘rtain time in the air, and then form a jiowder. Oxalic 
acid dissolves in 9 parts of cold w’ater, and more readily in warm water, 
'flu* solution lias a strongly acid taste, and is very poisonous. 

C).\alie acid is a eompoiient of many plants, and is today exclusively 
manufaelured by melting wood shavings or sawdust with caustic? pobish. 
The product is treated with water, the solution hulled with milk of lime, 
and the resulting calcium oxalate is decompo.s<?d by sulphuric acid. The 
solution, which also contains sulphuric acid and gypsum, is then concen*v 
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trated to C., and a certain time afterwards the ju^ypsuin separates out. 
This latter bciiitr removed, the solulloji is eva)>ora(ed li> .SO H., the oxalic 
acid then crystallising on (■ooliii'f. d'he crude acitl is refiiual by repeated 
crystallisations. 

Tannic Acid ; mol. w., 

forms an amorplnms, nearly colourless to slightly brown mass, of a v<*ry low 
specific p'lavity, readily soluble in water, but sparingly so in etlicr. Its 
chemical natiire is not yet exactly defiru’d. The acpicous solutions have 
an .■istiin^<uit, hut n<»t hitter taste, rcdilcn litmus paper, and easily 
mouldy in the air. Tannic acid has only faintly a(‘i<l ({ualitics. 'I'he solution 
trc.itcd willi fcnic salt?> gives a line blue-hlack precipitate (ink), and forms 
insoluble compoumis with tartar emetic, sugar of lca<l, egg albumen, and 
especially with gelatine. Taiinh- acid is preeipilate<l froin its solution by 
common salt and many other vills. It forms with most of the basic coal- 
tar <lyes piveijiitates more or less fast to water, aiul It is tlierefore largely 
used hi the manufacture of'lakes. 

rannie acid is a constitiu'nt of sumach and gjill-nufs. The pow<lered 
gall-nuts are first ditfused, and tlien Ire.ated with ether containing alcohol, 
the filtere<l solution being afterwards s<unewliat diluted with water. 
The taniiie acid is dissolved, and the impurities mostly remain in the 
ether. Krom the acpieous solution the tannic aei<l can be refined by 
precipitation with common s.dl, or as a <listillalion residue from an ether- 
;;leoh:>! solution. it is often ealled water-aleolml, or ether-tanihe aeid, 
according to the solvent used. 

Tests for Acids 

In colour manufacture really pure aeiils are rarely used, and in most 
eases .iny admixtures or a<luIterations (d' the technical acids are of no 
importance. 

1. Sulji/turir Arid 

Tvsl fur I,ra(\. —'I'he metal can only be present as a sulphate. 'I’lie aeid 
is diluted {if concentrated) with the same volume of water and two 
yolumes of alcohol, and is allowed to stainl for a certain time. A white 
cloud is first obtained, gradually forming a precipitate of lead sulphate. 
Tile precipitate can he collected on a filter, washed with dilute alcohol, 
heated in a porcelain crucible, and the residue weighed. 1 grm. I*I>S(\=- 
O fiS.'JI" grm. IM>. 

Trxi for Iron .—A drop of nitric acid is added to the suljduiric aei<I, 
boiled, diluted with a little water, allowed to cool, and then treated with 
a solution of potassium suJphocyanide. A red coloration shows that iron 
is present. 

TesU for Arsenic—The acid is diluted with an equal volume of water, 
and then sulphurous acid gas is led in for a certain time. The excess of 
sulphurous acid is removed with carbonic acid, and the arsenic is precipi¬ 
tated witi) hydrogen sulphide. 

The test for a small content of nilrog^en aculs is |>erformed with a 
solution of dipheiiylamine. For this purpose diphenylauiiiic is dissolved in 
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u hiuiilredfoid ({iiantity of chemically pure sulphuric aci<!, and cautiously 
added to the sulpliuric acid under cxamiiiation. 'I'lic Muatlest traces of 
nitrogen acids are shown by a bright blue colour at the place of separation 
between the sulphuric acid and the diphenylamine. 

2. Nitric Jrid 

Text for Chlorine .—It is neutralised with cliUfrinc-free scala, and a few 
drops of silver nitrale arc added. A while precipitate indicates chlorine. 

Text for Sulphuric Acid .—It is almost completely ncutraliscal with soda, and 
])recipitated with barium chloride. 

Text for Iron, -it is supersaturated by boiling with a .solution of ammonia. 
After being filtered, waslied/ and healed, tlie floeeulent preeij)ilate of ferric 
hydroxide is weighed as ferric oxide, Fe/)^. 

.‘i. Hydrochloric Acid 

The Icxl for xulphuric acid (after having neutralised most of the Iiydro- 
cliloric acid) is j)erfonned witli barium eliloride. Free chlorine is tested for by 
starch and potassium iodide,,/cmc chloride with ammonium sulphide, arsenic 
by Marsh’s test, or by the addition of a tin salt solution, wliicli gives a 
voluminous brown precipitate. 


THE LABORATORY-SUPERVISION-ANALYSIS 

An efficient colour manufactory nowadays must have a well-equipped 
laboratory, provided with the necessary apparatus and re.sources for render* 
ing a quick control and an elective management of the work possible. 
The laboratory should also enable the necessary trials of any one pro¬ 
duct to be made previous to its actual manufacture. The number of the 
colours now sold becoming year by year more considerable, especially 
owing to the continued jirogress of the coal-tar colour industry, it is quite 
impossible to give immediately an exact formula for all the many hundreds 
of pigments, or even to keep them in stock as standard types. Therefore the 
samples received from customers must generally first be made on a small trial 
scale, and afterwards manufactured in bulk. This sometimes very trouble¬ 
some and protracted tusk may be a very expensive one if the necc.s.siiry 
resources are not available in the works. Careful management, lliereforc, is 
incompatible with cheeseparing in laboratory expenses. 

'riie constant necessity for com])aring colour shades, standard types, and 
freshly manufactured shades recpiircs, first of all, a gootl and steady light. 
The windows should therefore be on the north side, since the more they 
front to the south the longer will the sun enter the room direct and prevent 
the pr(»pcr mateiiing of the shades in question. Furthermore, besides the 
absolutely necessary appliances, steam-heating services should be provided, 
as well us a filtering, pre.ssing, and drying plant. In a large laboratory a 
small motor (electric, hydraulic, or compressed air) is very useful for driving 
small apparatus for stirring dry mixtures or solutions. An exposure cup¬ 
board should be arranged in a place ex{)osed to the light, or this device 
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hiay be replaced by the so-ealleil llviol lamp (Schott ^lass works, Jena), 
1 his lump (the name Uviol is a contraction of ultra-violet) furnishes hif^hly 
actinic ultra-violet rays, which soon dceomimse colours that arc not fast to 
light. 

J he trials on a small scale must be made under conditions resembling 
the operations in the works. Tliis is especially the case with the right 
disposition of the vessels for use, the (piaiititics of water, the duration of 
time, the composition and the washing and drying (tf the colours. All this 
can easily be done, and considerably facilitates the subsetnient manufae- 
ture. Ijaboratory colours are prciernbly dried in the drying-rooms used for 
the same colours when manulaelured in the works. When prt'paring pig" 
ments that need stirring for a certain time, this labour must he performed 
ill precisely the same way as it is done in the works, by ai<i of the mechanical 
apparatus. lAiboratory colours must also be washed in the same way as 
those made in the works. 

It is, ol course, a matter of importanci^ to make written notes about all 
the trials and tests made in the lal)orjitory. I'liese notes contain not only 
simple indications about the weights used, but also remarks on the <|uantiticH 
ot water, the temperature, Ac., and cliierty all observations of any importance 
to the manufacturing process later on. The greatest care is necessary in tl»i» 
connection, since it is only by ke(^ping a very careful record of experiments 
that errors can he avoitled, instead of trusting to the memory. 

ilefore a sample can be matched, to avoid trouble and loss of time the 
colour must be carefully analysed. A sysleniatie analysis of the lakes from 
natural and artihci;d colouring matters has not yet been devised, but the 
componerris t)f the mineral colours .are mostly detected by simple means in 
ipialitative analysis. It would exceed llie objeet of this manual to give an 
exhaustive (pialilativc analysis; therefore sp<'cial imoks dealing with inor- 
;?ainc analysis should he referred to. In the following pages, however, some 
advice may l)e given with regard to the behaviour of the usual colours 
excluding the colour lakes which are noticed elsewhere) towunl the most 
iinjmrtant reagents, ;*« also direct conclusions on the nature of the pigments 
’ll question. 
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Sotno Remarks on Volumetric Analysis * 

To ascertain the quantity of mi , I,-nu iit <11-of a Hieinicnl cominMnid l«o 

ilifliTent methods are availidile, the j;rnviiiuliie and the voliimetrie. In the 
first method the material in (|uestion is entirely |irceii)itated I'mm its .solution 
by suitable reagents, added in cxeess, and weighed. Silver, for instance, is 
I)reei|iitated as silver ehloriile by a .solution of eomnion salt, filtered, dried 
weighed, and the content of silver ealeulaled. In the seeond niefliod the 
same result is obtained, a .suitable riagent being addeil in the exact 
quantity required, and the weight of the material in question is eali-ulated 
therefrom. 

The reagent is used ns a standardised solution, and the volume emi- 
suined is measured. It is neeessarv, therefore, to enntrol the end of the 
reaction by means of a change in the colour or by the formation or dis¬ 
appearance of a precipitate. An example will explain the prineiple of 
this mctliod ‘ 

As is known, lOS parts of silvt-r romhinc with ;kV'> parts of chlorine 
(sec p. ()), in accordance with their molecular wei^?hts. If looo c.c. of n 
liquid contain 108 parts of silver (dissolved in nitric acid), and l(M )0 c.c. or 
another liquid ‘Ar>-5 parts of chlorine (as connnon salt), the wliole quantity of 
chlorine comhincs with the whole quantity of silver to form silver chloride 
when these lirpiirls are mixed, and the clear top lirpjor, after bcintf 
thoroughly .shaken, will then contain no silver or chlorine. Tlx* same 
Mill be the ease when both liquids are mixed according to volume. Tor in¬ 
stance, 50 c.c, of the chlorine and 50 c.c. of (h<r silver solution alwavs exactly 
precipitate one another. From lliis fact it follows (hat if a certain quantity 
of the chlorine solution-r.g., K) c.c.is added to the silver solulioil^, 

the silver oHIic precipitate must he x 108 I-us, or, <in an addition of 
j C.C., == 1 08 X .r. ll, tln'ndbre, a solution with an unknown (?ont<‘nt of silver 
be treated witli the abovir mentioned .solutifin ol common salt, so Imig as a 
precipitate still forms, the (piantity of the dissolved silver can be calculated 
from the quantity of the solution consuimMl. 

Ihis method nt testing is quickly done, and giv<‘s exact n snlls. U is 
therefore specially advi.sabhr lor use in manufactories, an<l is tin- one 
generally practised. 

The solulioii-s used in this inetluHl arc called uimtuil xohilionx, if they 
contain the c(unbining weight of the reagent ingrains jicr litre. .Soiiilions of 
only one-tenth of such combining weights arc called {tirri-) mmnnisolutions 
or solutiom. The total number of grams of the reagent per litre is called 
the H(re of the solution. Some solutions being inisiabtc, cannot be kejit in 
stock to a constant titre ; the latter, therefore, must lie found by trial before 
use. lo observe distinctly the moment of complete neutralisation recourse 
is had to the colour reaction of certain organic colouring matters with acid 
or alkaline solutions. Litmus, for instance, in an alkaline solution is blue, 
■^ith an acid .solution red in colour; phcnolphtalein is of a red colour with 
an alkaline solution, colourless with an acid solution ; methyl orange, a red 
colouring matter, is turned yellow by alkalies, red by acids. Sueli colouring 
matters arc called inHicahrs, 

• I’rofessvr Dr. Hiidorflf. 
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A/kalimelri/ and Acidmefri/ 

These operations serve the purpose of the test for tlie contents of soda, 
potash, caustic potash, annnonia, and acids, and are based on the proj)erty of 
the alkalies to form with strong acids (nitric acid, hydrochloric acid, sulj)huric 
acid, oxalic acid, &c.) salts which do not change litmus tincture, though the 
latter is coloured red by the smallest quaritity of free acid and blue by the 
smallest quantity of free alkali. If litmus reddened by acid is treated 
with a dilute solution of caustic soda, a moment arrives when the red-coloured 
liquid suddenly turns blue again. The strength arid the (juantity of the 
sodium solution necessary to the saturation of the acid being known, the 
amount of the acid can be calculated, the acid and the base in this case 
being mutually saturated in the proportion of their equivalents (see pp. K and 
()). From the equation NaOH + NaN()., + 1I„() it follows that 40 

parts of caustic soda combine w'ith f>.‘{ parts of nitric acid to ibrni a neutral 
compound. To obtain a normal solution of these bodies tlic above-named 
quantity has to be dissolved and made up to a litre, both comj)nunds, 
however, are unobtainable in a suitably pure state. Oxalic acid is the 
only acid obtainable in crystals of a quite distinct composition. 'I hese 
crystals in a freshly prepared slate have tlie formula -1-2H/) and 

the molecular weight liib. Oxalic acid, however, is a dibasic acid, and there¬ 
fore an oxalic acid solutiori of + SH^O) would be equal to the 

above-named normal soda solution— i.e., one containing ()5 gnus, per litre. 
By another rule the normal solution is made W’ith half the atomic weight 
on dibasic and one-third on tribasic elements. Such a normal or half-normal 
solution is easily prepared. b.S grms. fresh crystallised, dry oxalic aci<i are 
dissolved in water, and the solution filled up to I litre. From this solulion 
the normal solution is made as follows: A solution of caustic soda, free 
from carbonic acid, is tiiluted with about threefold the quantity of water. To 
10 c.c. of this solution a few drops of litmus tincture are added, and then 
o.xalic acid until the liquid just turns red. If for this purpose 2.") 2 c.c. are 
used, these and the 10 c.c. of the caustic soda solution contain equivalent 
quantities of reacting substances. To obtain, therefore, a solution of caustic 
soda equal to the normal acid, 10 c.c. must be filled to 25 2 c.c., or 
c.c. to 1000 c.c.—^viz., c.c. of the above-named caustic soda solution 

are measured, and water added until the whole becomes 1000 c.c*. The 
resulting solution is a normal caustic .soda solution neutralising the acid 
solution volume for volume. 

In the test for alkalies a weighed quantity of the dry substance in question 
is dissolved in a little water, litmus tincture is added, and afterwards the 
acid until the blue colour just changes red. The total number of c.c. used, 
multiplied by the combining weight of the alkali, and divided by 1000, is 
the weight of the alkalies contained in the used quantity. The figure of the 
abbreviated calculation, the “factor,” is for caustic potash KOH - 0056, 
for caustic soda NaOH = 0'04. 

The conversion from red into blue being more easily observed tlian that 
from blue into red, the operation may be f>erformed as follows; I’he weighed 
quantity of alkali is treated with an excess of normal acid, tlie litmus tincture 
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therefore being distinctly red. The norinni cmistic sodn is then enrefnily 
added until the colour just changes from red into l)luc. The volninc ol'caustic 
s(Mla solution used has to he deducted from the volume of the aciil uscil.anil 
the alkali can be calculated from the rcmaijidcr. This method, the soo-iillcd 
“ remainder method," can also be used in the test i'or alkali carbonates. In 
this case carbonic acid escapes on the addition of the normal ai iil, changing 
the litmus tincture, and therefore marking the end of the reaction. .Soda 
and pota.sh are therefore “ standardised" with an excess ol normal aeid, and 
the carhonic acid removed by boiling. When cool again, the added excess 
of the normal aeid is then again titrated with the normal caustic soda solu¬ 
tion. In the test for .soda and potash I to ."i grins, arc used; to lest for 
the alkali content of their ashes .5 to It) grms. arc taken. The troublesome 
boiling, whereby loss ol material sonictiincs oci'urs, can he avoided if methvi 
orange is used as an indicator, since carhonii- acitl has no inllucnce on this 
colouring; multor. 

Knimple. r, grms. of soda to be tested for the content of alkali are 
ilissolved in water. K) c.c, of the normal acid are added, and the solution 
boiled until no more carhonic aeid escapes. I.itmns tincture is then added 
and the excess of acid titrated with normal caustic soda solution : ’ 

Applied normal acid . .to o e.e. 

Normal caustic soda . . . i p ., 

Ditfcrencc H.'rl e.e, 

I hcreforc the .'i grms, of soda contain ' - I 'Hfilt gnus , or 

,'i7'2 per cent, sodium carhonate, Na,C(), free from water. The formula 
Na,('0, -I- 1011,0 eorrc.s|)onds to per cent, of <-arbonate free from 

water. Hence the soda in ijuestion can be considered pure. 

lo test the ammonia content ol the commercial ammonia 2 c.<*. are 
taken, supersaturated with normal acid, and the excess titrateil with litmus as 
indicator by means of normal caustic soda solution. I'o lind the percentage 
of ammonia by weight the specific gravity is determined ; e.g., if the specific 
gravity of the liqiiiii be () !»I0(), the.ahsolute weight of the 2 c.c would be 
2xO <)l = I 82 grms. 

In the same way the percentage of the various acids, nitric acid, sul¬ 
phuric acid, acetic acid, ttic., is ilctermined by means of normal caustic 
soda solution. This test is called acidimetry, the alkaline solution living 
assumed to be known, and the effect of the acid substance having to be 
calculated. The calculation is done on the basis of the ei|uation representing 
the process of neutralisation : ” 

NaOH + UNO, = NaNO, -i- 11,0; 

2NaOH -I- H,SO, = Na,SO, f 211,0, &c. 

As the various Tables (see at the end) giving the ratios between the 
contents and the specific gravity (volume weight) of the acids and their 
aqueous solutions, in colour manufacturing it is very often quite .sufficient to 
state the specific gravity. In this case care must be taken by a qualitative 
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test that tlie acid ia question is possibly free from other dissolved sub* 
stances. The specific ^jravity is found by tlie specific gravity instruaicnt or by 
weigliing C(pial volumes of acid and water. For this purpose, for instance, 
a small KMie.c. fiask, bearing a mark, is filled with the acid in question 
exactly to the mark, and then weighed. Assuming the 100 o.e. t<i weigh 
grms. after the tare has been deducted, the specific gravity of the acid is 

then — = 1 -^^2, and if the acid in (luestion is sulphuric acid the content 

of pure acid is then, according to the Table given, 41’5 per cent. 



B.~THE NATURAL MIXK)L\L (OI.OUHS 
(EARTH C’OLOl'HS) 


I‘AHT I 

I.-NATCRAL MINEKAL COLOURS IN GENERAL-OCCUR¬ 
RENCE, ESTIMATION, AND EXAMINATION OF THE 
CRUDE COLOURED EARTHS ADVANTAGEOUS DIS¬ 
POSITION OP MINERAL COLOUR WORKS PLANT 

Thf. definition of‘ natural mineral colours has already been elucidated in the 
Introduction (pp. 4 and and in accordance with that dcfmiliim we include 
under this designation all those pij^nienls derived from those characteristically 
coloured minerals occurring in a ready-formed state in the earth, usually as 
the result of jmrely mechanical actions. Owiiij^ to their origin, such c<d<»urs 
are commercially known as “natural mineral colours" (earth colours), a 
description which is not (juite free from objection, because, stritdiy speaking, 
it should be confined to minerals which retain their charaeler of natural 
coloured earths both in tlie crude and finislied products, and have not been 
chemically changed during manufacture, which change is generally due to 
calcination or burning. 

This condition would restrict the term to those materials w hich, from their 
natural constitution, can he converted without special difiicully Into a fine 
jwwder fit for use as colours by Ifie ordinary levigalion or grinding processes 
alone. But as the natural mineral colours so largely preponderate ov<'r those 
j)repared by calcination, it is convenient to apply the term earth colours to 
the whole group. 

The raw materials suitable for mineral colours may <K:cur in nature in two 
distinct eoiulilioiis—viz., amorphous or more or less soft earths and clays, 
and cryslalliiK* or stony (sometimes very hard) masses. Furthermore, the 
natural condition of the raw materials determines the suhsetpieiit nudhod 
of preparation, and also tile necessity for using uKjrc or less tedious 
manufacturing processes and costly apparatus and ma(‘hines. 1'he value of 
the coloured earths depends, therefore, not only on the extent of the <leposit 
found, but also in no inconsiderable measure on the condition of the raw 
materials linunselvcs. (lenerally speaking, the object of the pre|Niration of 
the natural raw materials is confined to converling them into a very fine 
powder possessing all the properties which consumers expect in n good 
colour. First of all these qualities is sottness of texture, to which should be 
^ded good covering power, and finally a certain degree of brightness. 
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whilst other qualities, such as fastness to light and air, are in most cases 
essential. 

The examination of the raw materials obtained for the purpose of colour 
making need only extend to the determination of the three firet-named 
points, the result indicating tl>e method of preparation to be adopted. In 
judging the utility and paying character of the raw materials the following 
method may be preferably employed. The first important point is to secure 
such a sample as will ensure a reliable estimate being made of the yield 
obtainable from the raw material. Since very large quantities of greatly 
varying purity have always to be dealt with in practice, serious complications 
might ensue if the sample examined were taken solely from a very pure 
batch or portion of the raw material. Larger samples are therefore drawn 
from various parts of the dejX)sit or from the heaped material, and tliese 
samples are mixed well together in a clean place cither by sliovelling or in 
some other manner, a superficial crushing of the lumps and fragments 
being very advisable if the nature of tlie material permits. The resulting 
mixture is spread out as a uniform layer, which is divided into four or five parts 
of e(jual size, from each of which a number of smaller samples are taken, these 
being again mixed together, and the operation repeated one or several times 
in the manner described above. The sample thus obtained may be regarded 
as a fairly reliable average sample. 

If the crude product is of a crystalline nature it is advisable to take a 
large number of pieces of various kinds and to crush them, [)referably in an 
edge-ruiiner mill. The pulverised material is mixed at the saiiK^ time to 
such an extent that an average sample can bedrawji from the mass. VVIien 
the crystalline minerals under examination are intended for the production 
of white mineral colours, such as barytes, gypsum, kc., the crystals In-forc 
being pulveri.sed mu.st be freed from earthy impurities by careful wasliiiig, 
followed by drying. The first determination made with the average sample 
is the moisture content. From 100 to iiOO grins, are weighed out from a 
large quantity of the raw material, and allowed to become quite dry in the 
drying-room or in the open air. The loss in weight gives the-content of 
moisture. As, apart from the natural moisture always jiresent, these raw 
products are stored in the open air without shelter and exjxised to the 
moisture of the atmosphere (rain, snow, dew, &c.), the determination of the 
water content is of great importance for valuation purposes, especially in the 
case of earthy and clayey raw materiaks. For this reason it.sliould never be 
omitted, not even when after a certain lapse of time a given raw material is 
obtained from the same layer as a previous batch. 

Tlie next test of the moist or dry average sample relates to the deter¬ 
mination of the percentage of .serviceable pigmentary matter. For this 
purpose the raw material is in nearly all cases subjected to systematic levi- 
gation, especially when it is of an earthy or clayey nature; and it is only when 
the mineral is either very hard or contains very small projwrtions of sand, small 
stones, Sic., that a mere sifting of the previously weighed and triturated, air- 
dry substance through a fine silk or wire sieve is considered sufficient. The 
separation of the finer pigmentary ingredients from the impurities present 
in the crude earth takes place as follows: Three to four numbered glass 
beakers of equal size, according to the kind of the raw material, are placed 
in a row, glass vessels being preferable, as the behaviour of the sediment 
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ami suspended matter can be more conveniently examined tiuni in 
opa<pie ve^seI'<. 'I he first lu-abcr is tln'ce-(|iuirlers full of water, and a 
wei^rlu'd (pianlity id the raw material in tpiestion is distriinitcd therein by 
stirring it round with a small stick. In the ease of earthy and l>itinninous 
materials this distribution, as a rule, takes place very quickly, hut more 
slowly with clayey materials, the mass having first to be softeiUHl. After a 
certain interval the parts remaining suspended in the water are j)oured 
into the second beaker, and the coarse sediment in the first beakt'r, con- 
tainintf all tlic impurities and a certairi quantity id' usable eidour, is stirred 
up a^ain for a lon^ time with a (juantity of water equal to that poured off. 
Tile liquid found in the second beaker is left to stand. To facilitate tlie 
detaehnient of particles firmly adhering to the im|>urities the stirrinjf in 
the first «jlass must he continued inueh longer limn the first time ; but 
finally even this li(|ui(i too is left to settle. If in the meanwhile a notice¬ 
able seiliinent has been formed in Glass 11., tlie residual liquid is poured 
into Glass HI., that from I. beinf*- transferred to the residue in II., whilst 
the residue iu I. is treated wdth a fresh ijuantlty of water. 'I’he same 
procedure is now repeated. I’lie contents of (ilass I. are a^ain stirred, hut 
for a longer lime than before, and Glasses i. and II. are left to settle. 
Aftm* (he lap^e of a certain time, the duration of which ilcpeiids on the 
nature of the materials under treatment, the contents of Gla.ss HI. are 
poured into Glass IV., f hos<* of Glass IT into Glass HI., and those of Glass I. 
into (dass IT, care being taken in decanting that no parts of the sediment 
escape from an}' of the vessels. This manipulation, repealed at gradually 
in<-reasing intervals, is continued until the residue in the first beaker no 
longer jiarts with any colouring ingredients, but leaves the water perfectly 
clear. I'his condition being attained, Heakcr I. is ])ulasi<Ie without remov¬ 
ing the residue, and the contents of the second beaker are now dealt with 
ill exactly the same manner. 

'Die material in the second glass, however, being already in a con¬ 
siderably liner state of division, the Icvigation process proceeds much more 
slowly, especially as, in order to avoid the use of unduly large quantities of 
water, the contents of the fourth glass (which contains the purest colour) 
musc always be allowed to .settle completely before the supernatant water is 
poured otf. When the residue in (Jlass II. ceases to give up any more fine 
parts to the water, the ojieration in this heakerean be regarded as fiiiislied. 
The residue from H. is united with that from I., and filtered, drieii, and 
weighed. 'Die resulting weight gives the quantity of the impurities present 
in the original sample. 

'Die glass beakers III. and IV. contain the pure colour, held in suspen¬ 
sion in the water, that in No. IV. being in a finer condition than the other. 
In this way the product can be classified into grades of dilTerent degrees of 
fineness during the process of levigation, the number of grades varying 
directly w ith the number of beakers used. Of course, the larger the number 
of vessels the longer tJie time consumed, and therefore the greater the 
expense. For tliis reason it is seldom that more than four vessels are used 
for the levigation of natural mineral colours. 

When the colour in the beakers HI. and IV. has settled down suffi¬ 
ciently the clear water is jKiured off, the residues are collected on separate 
filters, and the resulting pasty masses are dried in the drying-room. Accord- 
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in^T to their specific properties, the various grades of dried colour form dense, 
compact lumps or loose masses easily crushed by the finger; and these, after 
being weighed, arc ground in a mortar, and finally sifted through a fine 
sieve. 'J’he (piantity of the powder obtained is also ascertained by weighing; 
and by this time all tbe data iieccss<try for an exact calculation will have 
been obtained, namely : 

(rt) 'J’he moisture content of the raw product. 

{(>) 'I’Ijc useless jm])urities, such as earthy particles, sand, small stones, 
humus, iS:o. 

{(•) 'I’he weight of tlic colour after levigation and drying ; and 

{<!) 'I’lie weight after crushing and sifting. 

From (c) and (r/) can be calculated the approximate lo.ss of colour sustained 
by grinding and sifting. 

If the raw materia) as it comes from tlie mine is so pure or of .such a 
hard and stony nature that tlie tedious process of levigation can be dis* 
pensed with, or is impracticable, the material is crushed in the dry state, 
the residues left after sifting being recrushed in the mortar and sifted anew 
as often as is found necessary. 'The finally uiicrushable residue is weighed, 
and the calculation is based on the weiglit obtained. 

In the examination of many coloured earths, and especially the crystalline 
stony kinds, it is highly imporUnt to note what changes they undergo in 
colour and structure when calcined. Most yellow and brown earths or 
minerals alter in tone at high temperatures, turning reddish or pure red, 
whilst the natural reds become much brighter when Iieated, others, again, 
changing from grey to deep black. At the sjime time heat effects a 
conspicuous change in the structure of the crystalline or stony minerals, 
inasinucli as on cooling they crumble to a moderately fine powder, cither 
spontaneously or under the application of comparatively slight pressure. 
This change of structure is in most cases accomj)anied by an increased 
covering power, especially when the red-hot lumps are suddenly thrown 
into cold water. This very sudden cooIing-ofF—known in practice as 
"(picnching”—cau.ses even the hardest crystalline minerals to crack, and 
for this reason the treatment is sometimes applied for pulverising hard kinds . 
of rock, such as quartz, barytes, <fec. 

Generally the heating of the earthy raw materials is performed on the 
small scale either in clay crucibles or on a thick sheet of iron. Tlie cliange 
of colour is noted, and when this ceases the materials are taken from the 
fire and tbe mass is thrown into cold water, or is left to cool down gradually 
in the air. The usual plan is to try both methods side by side, and com¬ 
pare the results in respect of the coloure and covering power of the 
products. 

In building works for the preparation of natural mineral colours the 
question of situation is of the greatest importance. On the one hand, a con¬ 
siderable saving in freight—a very im|)ortant item in view of the low price 
of the manufactured goods—can be effected by erecting the works in the 
immediate vicinity of tl\e place where the raw materials are found. On the 
other hand, the works should not be far away from the main lines of com- 
iiuinication (as railways, shipping, &c.), In order to secure favourable rates 
for the conveyance of the finished colours, riie circumstance that the 
expense of steam power can be dispensed with in manufacturing natural 
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mineral colours makes the presence of a sulflcientlv large supply of rmining 
water desirable, large quantities being required not only for’ driving the 
numerous macIniK^, some of which are lieaiy, but also lor the levigalion 
process. As regaials locality, three main points come under consideration, Imt 
tliese can seldom be harmonised, and consequently most works for the treat¬ 
ment of natural mineral colours now deal only with certain special brands, 
or (more frequently) are run in connection with the production of artificial 
mineral colours. 1 he most infiiiential factors are iiroxiniily' to tlio place 
where the raw products are found and the presence of siillicicnt water 
Ijower. The latter, in coiiseqiicncc of its cheapness, is most iniporlani in 
determining tile cost of production. These l onditions can generally he ful¬ 
filled, especially in mountain districts, where, moreover, the raw materials 
are ehiefiy to be found. 

As to the erection of the factory, the ex|)eriniental trials described above 
indicate the necessity for grinding and sifting jilant, wliich can be inoiinled 
in one room ; and, in the second place, the provision of a separate room for 
levigatioii. At least one calcining furnace will be rcipiircd, together with 
diying-roonis, heated artificially or otherwise. 'I'he stipiilations'already laid 
down as to the arrangements for the manufacture of artificial mineral colours 
(pp. 1 I~i:j) are also applicable to the various departments in natural 
mineral colour works, so that we liave now only to consider a few points 
referring specially to the class of work under consideration. 

'I'he grmliiig room, containing the edge-runners, ball mills, and the heavy 
balance iiiills, should be as large as possible, and well ventilated. The pro¬ 
duction of dust, though less injurious to health than with artificial niiiierul 
colours, may at times prove very troublesome in jiractical working, and there¬ 
fore dust-removing appliances are highly desirable. Tor the same rea.son the 
grinding room should be as light as possible, and should he fitted with top 
lights as well as windows. A sejuiratioii of the various groups of colours is 
advisable, it being essential that the white natural mineral colours should be . 
ground apart from the rest, even when the latter are very light in colour. The 
jmckiua-nmm must be in immediate proximity to the grinding-room, to avoid 
unnecessary loss of time in the transport of the ground product. In many 
works the finished colours are packed in the grinding-room itself another 
reason for making this room as large as possible. 

If, as is generally the case, the kiigatimt of the natural mineral colours 
is performeil in closed rooms, these sliould be of anqile size, and above all 
be extremely well lighted, a top light being best. The levigaling^room must 
have a sufiicieiit sujiply of water, and a very well laid floor, so that any 
overflowing water can be properly drained off through one or more gutters. 
The other details of this room will be described in the following chapter, 
which deals more directly with the levigatioii process itself. 

The cukining furnaces must be put up in special dc|)artmcnl.s—separated 
from each other—on account of their method of working, and also, as a rule, 
because of their very large dimensions, so that they can be accessible from 
all sides. This circumstance alone necessitates plenty of space, and this 
condition is accentuated by the considerable quantities of material that have 
to be treated in the works. In order to save fuel by recharging the calcining 
ovens as quickly as (lossiblc, a large sujiply of the raw materials must be 
stored in readiness near the ovens ; and also a large space must be available, 
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preferably in the calcining house itself, for cooling down and quenching.tBpfe 
roasted charges. I’he construction of tlie furnaces and the other arrange¬ 
ments of the calcining room will be more minutely discussed in dealing 
with the calcination process. 

J (l/yhig-plaiU is only required for j^roducts that have either passed through 
the levigation process or can be ground in the crude state. Tlie circumstance 
that the natural mineral colours can stand a tolerably high temperature 
without undergoing any cliange appears to admit of the application of drying 
arrangements such as are described in connection with the artihcial mineral 
colours; but, on the other hand, the larger quantities to be treated, and 
their low trade value, indicate the advisability of simple arrangements and 
a greater command of space. The drying of the natural mineral coloui’s and 
their cru<le products is therefore preferably effected in the o[)en air, in which 
case it is only necessary to afford sufficient protection against atmospheric 
moisture, rain, &c.. Hence the site for a natural mineral colour works should 
he one that is exposed to the sun as many hours as possible per day. In 
larger works, however, the great extra space entailed, where open-airdrying 
is the sole means employed, is inconvenient, and for this reason artificially 
heated drying-rooms are also provided. These appliances, which are de¬ 
scribed more fully in the chapter on drying iiatur.al mineral colours, must be 
situated in close proximity to the grimling-room, and if this is not feasible 
should be connected with the same by rail track.s, the dried materials being 
loaded into trucks for conveyance. Similar arrangements arc advisable for 
the transport of tlie raw and levigated products dried in the open air. 


II.—THE CHIEF PROCESSES IN THE TREATMENT OP 
NATURAL MINERAL COLOURS 

a. Levigation Process and Apparatus 

'I'hc levigation process, the principle and object of wliich have been 
already explained (p. 348) in the description of the preliminary experiment, 
generally requires mechanical power for its successful application; and 
the rapidity and economy of the process are increased with the number of 
apparatus and appliances used, and the more suitably they are arranged and 
utilised. 

In place of the glass beakers used in the preliminary experiment, levigation 
on the large scale is performed in wooden vats or iron tanks of suitable size. 
'The preliminary working or softening of the raw materials is effected (accord¬ 
ing to their nature) either in large w'et mills, as illustrated in Fig. 9> or in 
vessels fitted with vertical or horizontal stirrers running at a high speed. 
These last-named machines are situated opjxisite to the vats or iron tanks, 
but on a higher level, the levigating vessels being generally mounted in 
terraced rows, so that the contents flow through an opening made in the 
upper rim of one vessel into the vessel next below. 

The work begins by running a certain quantity of water into the wet 
mill or stirring machine, the runner being set in motion and a weighed 
quantity of the raw material for levigation gradually admitted, after which 
the mill is run until the raw materials have been thoroughly separated 



•nd softened. A continuous thin jet ofwHter is next allowetl to riiii In,, 
without stopping the mill, thus (pn'<'kly filliiijr the vessel .s»» that tlic 
contents overHow through a short gutter into the adjoining lower vessel, I., 
at the same rate as tlm incoming jet of water. 

In tliis jjroceeding the b/iHle, J) (see l''ig. P), plays an essential part, 
inasmuch as it not only prevents the finer detached jwrls of the material 
from settling, but also forces them by a continuous jerking motion through the 
gutter into the vat I., whilst tlie e4)arscr, incompletely detached ingre<lients 
—viz., the impurities, sand, small stones, &:e.- -fall through the Immtl part 
of the baffle by their own weight down between the stones, and are thus 
crushed again. The (pjadrangular gutter, open at the top, is fixed into an 
opening of etpial size in the mill'Casing, (\ in sueh a manner that the upper 
rim of its sides is on a level witli the upper rim of the mill-casing at the other 
end, sloping down to the rim of the vat 1., and projecting about four inches 
into the interior. The other vats, usually three to four, are connected 
togethei in the same manner. Hefore the levigated material reaelws vat I. 
it passes through a fine sieve in order to keep hack any small fragments of 
wood and straw (always present in earthy raw materials) floating on the 
surface of the water. This small sieve is hung directly under the outlet of 
the gutter leading from the mill to vat I., and can he kept in eoiiliiuiHl 
motion by a jigging device In order to prevent the flow being ohslnieled 
by the accumulated small particles of earth, the sieve must be cleaned out 
from time to time. The described arrangement of the connecting gutters 
indicates what difFerenct; of level must he arranged between vat 1. and the 
wet mill and between vat II. and vat I. in order to enable an ecpial flow to 
be maintained from one vessel to the other. In no ease need this <|jff'er- 
cnce exceed twiee the depth of the gutter, so that it is evident an 
efficient levigating plant can he put up witiioul recpiirlng excessively lofty 
rooms. 

When it is noticed that the water flowing through the gutter to vat 1. is 
clear or neariv so, the water-supply is stoppe<], ami lli(‘ plug on the <tther 
side of the miiUcasing is opened, wliereupon the im])urities in tiie mill are 
ejected bv the movements of the runner. When the ii{{uid in the mill has 
fallen to the original level the plug is driven in again and the mill is 
recharged, the cvcie of operations being repeated until all the vats are 
filled. 

'I'lie contents of the v;its lieing in a state of almost perfect rest, the 
coarser parli<-Ies of'materi.-d will settle at the bottom when vat 1. is full, 
whilst on the How being resumed another part runs over into vat 11., 
so that the contents of vat IJ. reprc.seiit more finely divided parlieles of 
colour than those in vat I. A similar lint less marked difference in fineness 
exists between tlie eonleiits of the remaining vats, so tliat the end one of 
the series contains tlie most finely levigated colour. Apart from the <]uantity 
of material and iiiimher of vats, the duratioii of ilie process depends also 
on the character <»f the raw material, some influence being also exerted at 
times by the form of the vessels. With earthy raw materials of low specific 
gravity the process is greatly retarded unless a large number of vessels are 
used. Tlii.s delay is particularly noticeable in the levigation of many ochres, 
and certain brands of umber which are of a clayey nature as well as of low 
specific gravity, Copvprsely, with specifically heavy raw earths the process 
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goes on too quickly, owing to the rapid deposition of the particles, so that 
the contents of vat 1. liave frequently to be milled over again. 

In the levigation of specifically heavy materials, such as the iron red from 
roasted pyrites (see “ Sulphuric Acid ”), the stirring device mentioned at the 
beginning of this chapter is sometimes used. In this case, however, the 
materials are not ground in wet mills, but the finer particles present are 
merely separated from the coarser ones. Since these latter always settle to 
the bottom quickly, the operation proceeds with great rapidity, and con¬ 
siderable quantities can be treated in tliis manner in a comparatively short 
time. The apparatus suitable for this purpose consists of a box made ot 
thick boards, 40 ins. in length, 20 ins. in breadth, and 20 ins. in height, 
in which a horizontal iron or wooden shaft rotates at l)igh speed. On 
both of the narrow sides of the apparatus is a round opening, througli the 
smaller of whicli, at a somewhat higher level, the levigated particles escape, 
whilst the lower one, about twice the size, drains away the residue. The 
materials for levigating are shovelled into the box, into whicli flows at the 
same time a continuous and fairly large jet of water. The mass is acted upon 
by the vanes mounted on the shaft, and after the finer particles have been 
carried off by the outflowing water the sediment falls to the bottom of the 
apparatus at once. The accumulated residue is ejected in the form of a 
thickish pulp out of the lower side opening by the action of the vanes, 
and falls into a receptacle underneath. 'I'he finely levigated material is led 
into sliallow, square iron tanks arranged in terraces in adjoining rows, 
and connected with ea('h other by gutters, the particles settling more or 
less quickly to the bottom. The apparatus is not so good for specifically 
light raw earths, since it works too rapidly, but has the advantage of being 
easily set up by reason of its simple construction—for instance, at the pits, 
where it renders excellent .service in the rapid levigation of certain ferru¬ 
ginous (red) gravels. For this j)urpose the dimensions must be somewhat 
greater, especially the height, so as to provide greater space for the deposition 
of the residue, which is then removed from time to time through a side 
opening fitted with a plug. 

Ill order to save room, both in width and depth, in the levigation of 
very light raw earths with an increased number of vats, it is more practical 
to retain the four-vat system, .always using two, liowever, and, if necessary, 
three, rows of vats, connected with the wet mill, whereby twelve vats can be 
worked at the same time. Owing to this simple distribution of work, very 
considerable quantities of raw materials can be treated in a comparatively 
short time. To maintain a uniform output a somewhat large number of wet 
mills, cjich with a system of vats, must be put up in the levigating room, by 
constructing along one .side of the room a platform of strutted beams, 
mea.suring about 8 to 10 ft in height and the same in breadth, upon which 
platform the wet mills are set up at certain distances apart in a row. The 
intermediate spaces are boarded over with thick planks. Steps are provided 
between the mills, and between these steps the vats are mounted in terraces 
on correspondingly high and firm timber supports. The height of the tanks 
must correspond to that of the platform, and this, again, to the height of the 
space at disposal. 

When all the vats are filled with the levigated colour they are left 
alone until the solid matter has settled down sufficiently, whereupon the 
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clear supernatant water is drawn off from each vaL and the solid deposit 
is removed. The nuinner in which tins work is p<‘rrorined a^nin depends 
on the nattire and pecniiarities of the eohnir itself. Whilst specifically 
heavy nacnral mineral colours generally lonn a fairly stiff paste which can 
be at once spread out to dry, the lij^hlcr colours, and especially the clayey 
ones, must first be filtered and prosstal. Sinc<‘ this operation, .ns in tin* ease 
of the artificial mineral colours, is altciuhnl with ;;rcat dilli<ndtics and loss 
of time, and, indeed, in the case ofe<‘ftain natural mineral colours cannot at 
times he performed at all with the onlinary appliances, lar;?c cliamb<-r filter- 
presses (without flushing device) have rcccnlly come into use for filtering 
and pressing natural mineral etilours, with the greatest sueeess. 'l‘wo or' 
three of these filter-presses .are arr.ing<‘d in the levigating-room in sueli a 
manner that each one can be fdled from thre<’ to bnir sets of vats. 

Some materials which, though not used as colours, arc usually prepared 
in c»dour levigating works or» acc<»unt <jf the di(fi(’idly experienced in grind¬ 
ing them in dry mills, are Irealeil in very large w<*t nulls, the stones of 
winch have a diameter itp to 10 ft. ami am* luillt up separate pi<‘ees (by 
means of iron clamps and molten lead). In other respects tin- eonslruetion 
is just the same as the wet mills sIkkvii* in Fig. p, and tlicir aeti4in is 
usually the same. 

The materials in (puslion (talc, china clay, Ac.), are wet grinmd in these 
mills to an impalpable powder, winch is then Ireatt'd in the same way as 
natural mitieral eoloui-s, excepting, of course, as regards the dry grinding. 


h. Drying Natural Mineral Colours, and Drying-Plants 

Drying-plants may be divided into two classes, one serving for 
drying the raw materials and the otlier for drying the l(;vigated colours. 
Whereas for the former purpose very sim[)le arrangemetils generally suffiee, 
by reason of the low content of moisture in the raw in.itcrials, the levigated 
colours recjuirc sj)ccial drying appli.anecs, on account of their more or 
less pulpy nature, which in many p<uuls are similar to those used in the 
manufaeture of certain artificial mineral colours. 

As to liic drtfing of the raw watrria/x which are suitable f<^r direct grind¬ 
ing, the natural warmth of the sun W’ould generally suffice (if the situation 
of the factory permitted) to dry the materials far enough to facilitate 
grinding, were it n<»t that drying in the open air depends too much on the 
time of year and changes of weather—a eireumstance which may eausj? very 
considerable trouble, especially in large works, lienee the construction 
of artificially heated drying-plant, which must not oidy be ecpilfjped with 
convenient moans for charging and emptying, but also be sufficiently 
roomy. 

The best type of drying-room i.s a large, but not too high, fireproof room, 
the flooring of which is provided with A system of flues, about 8 to 1:;^ in,s. wide 
and deep, entirely covered with east iron plates or firebrick tiles. The flues 
are connected with a fireplace, which is mostly placed in the cellar, and are 
so arranged that the draught flows into a main flue and thence into the 
chimney. 'I’he arrangement is thus similar to tliat already describeil for 
ultramarine blue,and illustrated in Figs. fiO and 6l. The raw materials to be 
dried are spread out with a hoe or sfiovel as evenly as possible on the hot 
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tfoor. By frequently turning the mass (it being advisable in the case of soft," 
eartljy masses to break down the large lumps roughly) drying proceeds 
(pi.ickly, and even in the case of very damp materials and the most unfavour¬ 
able circumstances is conqdete in less than twenty-four hours. A .similar 
room can, of course, be used also for drying the lumpy levigated products 
from llie tilter ])ress. 

I'’or drying the more pulpy or very fluid levigated natural mineral 
colours this arrangement is, however, less suitable, and many works use 
special drying-hcjirtlis, about 40 to (iO ins. wide, arranged along at least 
three sides of a closed room. These hearths form the top of a Hue about 
40 ins. wide and high, extending from the fireplace to the cnlratice (d* the 
actual chimney. Hie flue cover, which forms the hearth, is constructcil of 
thick fireclay plates, and provided willi a border about two bricks high, so 
as to prevent the pulpy materials running over the edge and to allow of their 
being turned over and over. When they have been dried t(» the condition 
of more or less moist lumps they can he finished on the usual <lrying-lloor, 
and the hearth recharged with wet material. 'I'he ]>lanl is of liigh c.qiaeity, 
and consumes only a comparatively small cpiantity of fuel, coal being n.scd 
in ])reference to coke. • 

Jn many w'orks the waste gases of the calcining furnace ar<‘ utilised for 
drying both the raw materials and the levigate<l pnaluet in the same manner 
asexpl.Hined for ultramarine (see Figs. bO and (>!); hut this pays only when 
the calcinijig furnace can he kept at work eontinuously, or nearly so. The 
heating value of the waste gases from the calcining furnaces can he more 
effectually utilised by leading them over the raw materials spread out in 
special vauUeil rooms, provided with openings for eliarging ami emptying, 
and floored witli brick or fireclay tiles. Tlie drying-eliamhers art^ huili close 
to the calcining furnaces, and are separated from the hearth merclv by a 
partition with a sufliciently large opening for the hot gases. Tlu^ opening 
is fitted with a damper, which is only withdrawn wlicn it is certain llial llie 
hot gases are free from smoke and ash. 

When the extent of the works admits of it the drying-flues, ilescvilied 
on p. *>0, can he successfully usetl for drying the crude as w'ell as the U'vigated 
products. Also, in factories where steam power is available use can he made 
not only of the steam drying-plant, but also of such as can utilise the liot 
ga.ses from the hoiler.s. 'I’he necessary conditions are ease of access and a 
large surface, so as to obtain a maximum efHcicney, because the low 
price of the natural mineral colours does not easily admit of the use 
of complicated arrangements unless the.se can he also utilised for subsidiary 
by-products. 

As regards open-air drying-plant, the wooden racks illustrated in Fig. 
are found to be tlie best for drying natural mineral colours and their raw 
materials, since they can be easily roofeil over as a jirotection against the 
rain. In place of the lath fittings, shallow' box-like trays are used for the 
pasty or still more liquid levigation products. 'J’hcse truy.s slope gently from 
the middle outwards to the two long sides, so as to ilrain ott the water more 
quickly and to facilitate emptying the racks. 'I’he wider the latter are made 
the greater is the distance between the trays carrying the damp materials, 
and the easier the filling and emptying of the racks. The increased dis¬ 
tance ensures a more effectual circulation of air, and this materially assists 
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taken to ensure efTectiial ventilation of lire room. ’ 

e. Methods and Appliances for Pulverising, Grinding, and Siftir 
Natural Mineral Colours 

natunl i.. tl,e main, lire same (bra 

Z of ifl ' II tile sole dilferene.. eonsbts in tl 

ivs al r "I'i'-I' '"'.St he a.lapted to tl, 

, l;;:" -'I'stanee to he t.eate.l i.e., their relativ 
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In any ease, in eonse.juenee of the lore eommereial value of the natur. 

...era eo o,,rs atte.dion .oust he chiefly .lireete.l to sectreing thZhgZ 

h r’’ the cost of ,„.o.|uetio 

u e fluo,'s charges for reap; ami this object can only he a.-complishe 
J using maehmes of the highest |)os.sihle produi'tive powei-. Whilst a fei 

nZhiZ" ‘‘“""-''“/•-■‘'il'le t" with ve.-y p,-imitive puivcrisin, 

. ,u ineiy recll-e<p..ppe.l factories arc now provided with sm h extensiv 
n Cl han.c-1 apphauees that at hr.st sight their prime cost see.ns to be out « 
al proportion to the commercial value and profitahlcncss of the r.roducts 
,.,'r'f,conviction i, gaining gi-o„n.l that the mos 
yfc( t appliances lor pulverising, and the adoption of systematic workini 
thionghout, can, in spite of the high prime cost, successfully compete witi 
the n,ore prnnitive appliances, owing to the higher ,,roiH,rtio..al In.tlay o. 
labour entailed by tlni latter, hi.ch high-class plant, moreover, has hciZi 
a necessity, owing ti. the more exacting requirements of consumers in rc.spcc 
of the fineness of the colours, so that both increased out.mt and greate 
fineness liavc to be considered. ^ 

As with the artificial mineral colours, the pulverising of natural inincra 
colours IS <bvidcd into three stages, nin.rely, rough grtnding, fm grimliiw 

and .v///»,g. Ihcse operations can be ..nipiisi.ed cilher separatelv. o. 

Id l.ree can be eombnied by the aid of the aforesaid cxt. nsivc machinerv 
woike.l systematically, l or reasons already given, the latter plan is th. 
anc now generally adopted, and it is therefore preferable to omit dis- 
ussioii .1 the obsolete and primitive methods and arrangements, ami 
.o 'biseribe the more complete process in necordanee with the new 
nethod, the more so bceaiise any one desiring simjilcr fornis can devise 
.hem for hnn.sell from the particulars given to suit his own taste or the 
iize of Ins works. 

’ri.e method of p.ilvcrising and the selection of the re.p.isite machines 
depend on the relative hardness of the tnaterial. l or such raw 
naterials as are pure and soft cnougli to be ground direct, large inillina 
tones or ball mills may be used, like those illustrated in Figs. If. and dli-.'l.l. 
larder raw materials have first to be rough ground with large and heavy edge-’ 
uilner mills, the runners of which are generally of iron. Very hard crystal- 
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line minerals, such as barytes, iron-stone, slate, Ac., must first be treated in 
crusliing machines or stamping mills, so as to reach the edge-runners in the 
form of small bits, and pass thence to the mills. The ground material rarely 

needs sifting,since generally even 
the hardest minerals can be re¬ 
duced by one or more millings to 
a powder fine enough to satisfy 
all re(juirements of consumo's. 
The grinding of the natural 
mineral colours to the highest 
degree of fineness is the more 
feasible since they do not sufler 
any change through the heat 
generated by friction in the 
mill. This method is also more 
})rofitable from a ])ecuniary point 
of view, since with most natural 
mineral colours the cost of pro¬ 
duction would be much higher 
siited, owing to the consider¬ 
able difficulties ex))erienced in 
passing them through fine silk, or 
wire gauze, and the consecjuent 
diminution of the output. For 
many purposes, however, sifting is unavoidable, and Ibis operation, which 
differs in no way from that described for the artificial mineral colours, will 
tliercfore be dealt with in each ease wlicre it has to be employed. 

The mills and ball mills having been already fully 
described on pj). 5G-()0 and (it -()7, we need only deal 
now with the crushing machines and stam})ing nulls, 
with which the preliminary crushing of the liardest 
minerals is effecte<l. 

Fig. shows a black’s stone-breaker, or ^'jaw” 
crusher, a very heavy machine, which must he 
mountet! on a special foundation on account of its 
considerable weiglit. Tiie mineral, in lumps the 
size of the fist, on being thrown into the mouth of 
the crusher are caught between two coarsely 
grooved, heavy steel plates, and are smashed to 
pieces by the j)ressure. Since one or both of these 
plates are set in such a position that the mouth of 
the crusher tapers conically downwards, the materials 
already broken are pulverised still more as they fall 
down lower, and finally escape at the foot of the 
machine as a coarse-grained j)owder. The size of the pieces that can be 
treated in these crushers is limited only by the widtli of the crusher’s 
mouth. On the other hand, the fineness of the broken materials can be 
regulated between the limits of 2| and J in. With the increasing fineness 
of tlie broken material the production of fine meal increases, and the output 
is lessened, on which account the crusher is generally set to yield fragments 
not less tlian 1 in. in diameter. 
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Fig. 70. 
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Besides stone-breakers, many works employ gmimlators, which closely 
resemble tlie crushers, (liff'erinjr, however, in bciiiju^ able to deal with the 
coai-ser grains, such as are I'lirnisiie.l by the stone-breakers, ami reduce these 
to a fine sand without any loss ol ]>roihn-tive capacity, tlic action being a 
combination of crushing and tearing, and the crushed material being 


i'll.', SI. 



e.ieeted at once, without any troublesome reduction to nuad or c.xcessive 
I'ormation of dust. 

’I'he xhimpiiig mill illustrateil in h'ig. 81) consists of an iron frame with 
trough and shaft, and a nuudicr of stamp heads, which are alternately raised 
by the cams on the shaft and alloweil to fall down freely. The stamp 
hcails .and troughs arc of hard or chilled steel. The stamps rotate freely 
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during the up stroke, so that the wear and tear is equalised. The materials 
to be pulverised are fed into the trough, and are quickly pounded to the 
requisite fineness. 

According to requirements, the troughsmaybe closed, fitted with a sifter, 
or arranged for levigation. 

By the rough crushing of less hard, though not sticky or clayey ma,sses, 
the machines illustrated in Figs. Sy, tO and 42 do very good work, and are 
therefore very frequently met with in the manufacture of natural mineral 
colours. I'o maintain a regular and economical system of grinding, the chief 
point with most of the natural mineral colours is to correlate the rough 
crushing with the subsequent fine milling (which, as already observed, must 
be repeated three to four times) in such a manner that the conveyance of 




30U ■ WLUjUK MAiNUrAUrUKJK 

• > 

the mass from one machine to another is effected by mechaiiiral means in 
certain regular progression. 

The various pulverising machines, stone-breakers, edge-runners, am 
mills, should therefore be set up in the manufacturing room in such a manne 

that they can be combined whej 
83. necessary without difficulty or cii 

cuitous means. Communicatioi 
between the several pulverisinj 
machines is effected by means o 
conveyors, which carry the pulver 
ised materials in a horizontal o 
ascending direction, according to the relative position of the machines. 'I'In 
conveyance of the mass in a horizontal direction wlien long distances an 
involved takes j)lace by means of endless belts with or without small scoop 
(see Figs. 81 and 82), or for shorter distances by means of endless screw; 
(Fig. 88), the arrangement and method of working which is easily dis 
cernible from that figure. For transport in an oblique 
or vertical direction the chain and belt elevators illus¬ 
trated in Fig. 84 are used exclusively. 

With all these apparatus it is essential that the 
moving parts sliould be placed in wooden or tin‘box¬ 
shaped casings or covers, closed at the top, and that 
the materials to be conveyed are not of a very sticky 
nature, otherwise troublesome obstructions will be 
produced, sometimes stopping the machine completely. 

The conveyors between the various pulverising 
machines are so disj)osed that they can be easily and 
conveniently driven by pulleys and driving-belts from 
the main shafting, and, if necessary, can be thrown 
out of action at once. In this manner a certain special 
set of a])paratus can be arranged for each colour, 
according to its relative liardness, so that the material 
need only be fed to the rough crusher, and, after 
passing all the other intermediate machines which 
continue the reduction, finally leaves the mill in the 
form of a sufficiently fine powder ready for sale. With 
materials needing repeated grinding, such as barytes, 
the machines are so arranged that after the mass has 
passed tlie edge-runners and the adjacent mill it can 
be conveyed to a second, third, and, if necessary, 
a fourth mill without difficulty. For this purpose 
all the mills in each room arc mounted on the same level. They may 
either be placed in rows along the wall, in which case the crushing 
machines and edge-runners stand side by side at the cn<ls of the row, or 
tw'o or three mills, or more (according to the size of the works), can be 
set up at opposite ends of the room, sufficient space being left between 
the rows for other work. The crushing machines and edge-runners are ilien 
preferably set up at the end of this space, next to the entrance of the drying 
or store room, in such a way that they can be conveniently fed without 
obstructing the conveyance of the material to tlie mills (if possible on both 
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beltsat llio dcail end <il tiu- room to the two lower drivinc,shafts 

l)y this arraii«cmenl the narrow drivinR-helts for the various eomevors 
can be imiuntcd on the main shaltiiifr without risk to the workmen. 

Materials (e.^., most of the levifration produets) which need onlv a siiiKle 
grinding .and cannot be pulverised finely enough for trade purposVs in l»dl 
mils, a preliminary sipieczing of the soft lumps with edge niiim rs and feeding 
the resulting medium powder to the adjiieeiit mill is generally siillieient, and 
herefore the conveyor between the breaker ami the eilge-rinmer can lie 
thrown mit of action it its construction jierniits, and the breaker me.inwhile 
be used for other |)iirj)o.->es. 

In discussing the levigation process it was mentioned that the general 
leniption tanks eontain products of different fineness, and the pulverising, 
of the dried grades will ditler accordingly as the contents of all the tanks 
are trealei in combination or sejiarately. In the former ease most imtnrid 
miiicr.a colours generally require a thorough dry grinding in the stoim mill, 
and only m the rarest cases will grinding in the ball mill alone be sufliciciit 
and siiitahle. It the contents of each single vat are dried separately the 
invariable plan is to ^friiul the produets eoinliij» out ofthe two vals I. and il. 
(those next to the wet mill) in a stone mill, whilst the finer products eoniing 
from the yats HI. and IV. can be mostly reduced to a siillieiently fine powder 
in a ball mill. In other respects no comprehensive rules can be laid down 
ill tins place, generalities alone being discussed, and the matter must 
therelore be relegated to the chajiter dealing with the single earth 
colours. ^ 


d. The Chemical Treatment of Natural Mineral Colours Calcination, 
and the Resulting Physical and Chemical Changes - Calcining 
Furnaces 

Calcination is the treatment ot chemical compounds at high temperatures, 
either by themselves or in admixture with other bodies capable of prodiieing 
an oxidising or reducing cHect. In caleination the substance undergoes a 
change which may be both chemical and physical. Thus the immediate 
consequence of the calcination of most crystalline salts is the loss of water 
of crystallisation, the salt onlyehaiiging its exterior forni, wit hoot undergoing a 
chemnal ilecompositioii. At high temperatures many metallic hydroxidis 
lose their chemically <onibined water (water of hydration), anil pisi over for 
the most part into the corresponding oxides, which latter, if in a high stage 
of oxidation, sometiiiies give oil a part of theiroxygen when the temperature 
is raised still higher. A large number of salts which have already lost their 
water of crystallisation l)y calcination lose with continuous licatin^ llieir 
acids as well, the latter bein#? mostly dejcradeil to lower slaffes of oxidation, 
with liberation of oxy|j;en, whilst the metallic oxides are left behind us 
calcination productsS. 

Furthermore, certain minerals or earths serviii>^ as natural mineral ■ 
colours undergo an essential change on ealclnatioii, which change may 
relate to their aj>])earance or molecular form, or to both at same - 
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time. 'J'he change in molecular form is generally, but not always, ac¬ 
companied by a change of tone; its direct consequence is a more or less 
noticeable condensation of the material, the result of which is manifested 
by the increased covering |)ower of the calcined product. This remark¬ 
able phenonienou is attributable to the circumstance that the expulsioi,^ 
of the water of hydration causes the molecules in the compound (generally a 
metallic oxide) to occupy less space, so that they draw closer together, and 
the phenomenon of “ contraction ” occurs. 'I’he usual, but seldom very 
considerable, change of tone produced by calciitation appears to have some 
relation with the change of molecular form, although many instances are 
known which directly contradict this view. Aj)art from the wliite mineral 
colours, such as artihcial barytes, the covering power of which is greatly 
increase<l by calcination, certain iron oxides—for example, the decomposed 
spent pyrites from sulphuric acid manufacture—do not change colour in the 
slightest after the most violent heating, though their covering power is 
improved. 'I'he brighter tint sometimes noticed in the calcination products 
is due, not to any change in molecular form, hut to the decomposition of 
green copperas (ferrous sulphate) formed by the decomposition of the spent 
pyrites. If the hitter is refined by leaching out the sulphate with water it 
undergoes no further change of any kind apart from the aforesaid increase in 
covering power. 

Conversely, the changed tone of calcined natural mineral colours is not 
always necessarily connected with an increase or decrease of the covering 
power— i.c., according to the theory now under consideration, with a change 
of molecular form—other cases being known whoreiii an increase of covering 
power and other associated physical changes (such as increased specific 
gravity) are no longer observed, although an essential change of tone occurs. 
An example of this is afforded by the ''caput mortuum” (colcothar) formed 
as a secondary jirodnct in the manufacture of fuming sulphuric acid, this 
product, under certain conditions, showing no increase in covering power, 
although it undergoes essential changes of tone on calcination. 

If we pass in review, after these brief introductory remarks, the series of 
those natural mineral colours wliicb can be improved in manufacturing and 
commercial value by a suitable calcination, we find that above all others the 
numerous /i.rm- hydroxuhs and basic ferric sulphates seem to render j)rofit- 
able the cost of calcination and of the extensive plant needed for that process. 
This applies more particularly to the various ferric hydroxides, chief among 
them being the brown haematites, HjO.Fe/)3to and bog iron ore. 

'I'hese, whilst naturally perfectly insignificant in colour, are changed under 
certain circumstances by calcination into a very fiery red, the covering power of 
the j)roducts being considerably increased. I'his change is based on the loss 
of water of hydration at higher temperature, and the formation of an almost 
pure ferric oxide, with all its favourable pigmentary properties. 'Fhe various 
native ochres also consist essentially of ferric hydroxide (more rarely basic 
ferric sulphate), associated w’ith larger or smaller quantities of aluminium 
silicates as impurities. The presence of these latter influences the shade of 
the more or less reddish-coloured products obtained on calcination. Hence 
these mineral colours are not changed in tone and covering power by 
calcination so much as the above-named pure ferric hydroxides, since the 
alumina and lime and manganese compounds accompanying the latter are. 



THE NATURAL MINERAL COLOURS 36s 

also modi^ed by calcination^ and these alterations are communicated to the 
resulting ferric oxide. Whereas the alumina and lime compounds, according 
to their quantity, chieHy lower the covering power of the calcined or “burnt" 
ochres, tlie naturally brown manganese compounds change the tone of the 
calcination products to a more or less brownish hue, the colour of the man¬ 
ganese compounds being rendered considerably brighter by calcination. 'J’he 
natural mineral coloui*s that are stained yellow by ferric hydroxide (which, 
together with manganese hydroxhle, forms their chief ingredient) become 
almost ptjre red to re<l-br<)Wii after calcination. In proportion, however, as 
manganese hydroxide preponderated in the natural comj>ositij>n of the com- 
pouml, so docs the tone of the calciiintioii product change more and more 
from red-brown into brownish red, and finally inU) pure brown. 'I'o this 
latter class of natural mineral colours belong the numerous and widely dis¬ 
tributed varieties of natural ttvihvr, the brown shade'of whieli on cnieination 
Is purer the less ferric hy<lroxide and other jngmentary imjmrities they 
contain. Such earth colours are put on the market as html mnher, manganese 
bron'n, velvet brown, chestnnl brown, &(*. . . . 

Furthermore, many clays, among these the slate-clays, or shales, turn 
grey on calcination in consecpience of the loss of inechanically admixed or 
chemically combined water ; and, as is mostly the case, if they nl.so contain 
ferric hydroxi<le a reddish grey tint is ])roduced, the structure being also so 
essentially modified that they sometimes furnish colours with fairly good 
covering power suitable for grounding purposes. Natural miiu'ral colours 
of this class possess in a high degree the property of forming with linseed 
oil varnish ^'ery hard-drying, and therefore extremely durable, <‘oats of 
paint. 'J'hey arc therefore used preferably as grounding colours for other 
coloured paints or for filling up inequalities in the surfaces to be painted. 
The product kjiown in the trade as Jllling-up belongs to this class. 

As regards the furnaces used for calcining natural mineral colours, rever¬ 
beratory fnnuwcs of tlie simj)lest construction are evidently most suitable 
for this j)urpose, since they are used almost exclusively in natural mineral 
colour works at the present time. I’he arrangement of a reverberatory 
furnace Is in the main as shown in Figs. 73 and I V, only that in the present 
case the hearth of the furnace, instead of being depressed as shown in the 
figures, must be perfectly lev(d. The fireplaces may be at the sides or in 
front, and below the level of tlie liearth, a low stone-work bridge, ovta* 
which tlie flame passes, separating the hearth from the fireplace in eitlier 
case. More frequently, however, the fire is placed at the side, though there 
is no special reason for this arrangement, except, perhaps, that it facilitates 
charging. As a rule, the calcining furnaces for natural mineral colours need 
not be of such a large size as the lead oxide furnaces illustrated in Fig. 73 and 
74, or of such massive construction as is there necessary, the calcining process 
being a less protracted operation in the present case, so that the furnace 
can be charged more frequently. It is necessary, however, that the flattened 
vault in the thicker side walls of the furnace (which, when necessary, are held 
together by a strong Iron framework) should have a sufficiently firm and 
safe support. The charging and emptying apertures are arranged at the 
sides when the furnace is fired from the end, and vice versli. In order to enable 
the calcination products to be thoroughly raked over (which is always 
necessary) in furnaces of larger size, special o])enings are still frequently 
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provided in the Imok wall of the furnaces for tlie insertion of the rakcjf.^, 
In this nmnner the colour in the fiirnHce can he sufticiently raked ov'ex; 
from the side—?>., from the front as well as from tlie l)ack, an<l especially 
long, lieavy iron rakes are, in lliis case, not necessarv. 

rhe charge corresponds to the dimensions of the furnace as well as to 
the peculiarity of tlie minerals in question, on which also depends the 
duration of the calcining process. The form of the material is the chief 
factor -whether it is in coarse pieces, in grains the size of a nut or smaller; 
or in the state of powder. The latter form is generally the most suitable,' 
since it ensures earlier completion of the process, and thus effects a con¬ 
siderable saving of time and fuel. Whenever the hardness of the mineral? 
admits, the materials should always be pulverised sufficiently in a breaker or 
stamp mill, or by edge-runners. In whatever form the material to be 
calcined may be, it must not be spread too thickly on the furnace hearth, 
since that not only retards calcination,, but also makes the raking of the 
mass unnecessarily difficult. When the minerals are in fine powder care 
must be taken to prevent any strong draught in the furnace, or a con¬ 
siderable part of the material may be carried away into the fine, and cause 
trouble in working, apart from the direct loss sustained thereby. 

The time retjuired for tlie calcination of one and tlie same material when 
the furnace is heated continuously often varies only within narrow limits. 
Much, liowever, depends on the construciion of the furnace itself, and on 
tlie use of uniform quality of fuel. No definite guidance can be given in 
this respect. When the object of tlic calcination process is accomplished, 
which can be ascertained by taking samples from time to time, the hot, 
sometimes glowing, mass is rakerl out of the furnace through the discliarge 
openings and left to cool in large iron chests or in special fireproof places. 
Sliould it be necessary to cool the red-hot product suddenly by means of 
cold water, this can best be done by raking out the mass direct into suitable 
iron tanks filled with water. The hot or still glowing heap must on no account 
be sprayed with water, owing to tlie great risk of accident thereby entailed; 
and for tlie same reason the throwing of tlie mass into water must be 
performed with tlie greatest care. 

e. Mixing the Natural Mineral Colours 

As with artificial mineral colours, the attainment of a certain shade often 
entails the mixing of two or more colours; in fact, it may be said that this 
operation is more important in tlie case of the natural mineral colours than 
with the chemical colours, for wliilst in the latter case there are always 
ways and means at hand for facilitating tlie attainment of the end in view, 
a limitation is set in the case of the natural mineral colours by the avail¬ 
able material, whicii varies according to circumstances. Other circum¬ 
stances also combine to add importance to the mixing of natural mineral 
colours. Owing to the considerable increase in the number of shades, 
of these colours on the market, each maker must, if he wishes to compete, 
produce the whole sin'ies, in uniforniiy good quality and appearance; and 
as all makers cannot draw on the same sources of raw material, it tiecome? 
necessary to resort to mixtures of tlie raw matenals or finished products they 
have at disposal. 
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-OeneraHy speaking, the ^rice is the determining factor. On the other 
band, many factories, tu the course of time, owing to the ever-increasing 
com()ctition, have undertaken to supply mixtures which formerly were 
prepared by the consumers themselves, such as colours for wall-papers, 
floors, facades, &c.; and this, of course, increases the number of grades 
turned out by each individual maker. 'J'liis led to the necessity of exteinl- 
ing the plant and putting down more efficient machinery, in order to cope 
with the increased demand, which circumstances again led to the opening 
up of new sources of supply and the discovery of new raw materials and 
methods of preparation. Chief among the latter must In; classeil the 
manufacture of the red ferric oxide colours, which for a long lime were 
mainly obtained from England, but arc now very largely proiluced in 
Germany, of considerably better quality and brighter shades, from h(»g iron 
ore and brown Incmatite. 'I'hese new colours and their much cheaper price 
enabled a large iiumherof new mixed colours to be produced htr a large 
Variety of technical purposes—among others, floor-stains, fa<^adc ami w eather¬ 
proof paints, ike. With these also be<*amc associated a great number of 
mixtures witlj tlie artificial mineral colours, such as chrome oehri*, bron/e 
brown, olive green, ike., or with certain lakes from vegetable colours, r.g., 
quercitron yellow, palm yellow, leather yellow, &c. 

All these mixed colours are prepared by mixing the compoiu nls in a 
dry state, hut seldom from the raw materials direct, the remly-made colours, 
ground at least once, being preferred as more reliable. I'he mixing is 
effected either with edge-runners or in shallow iron pans or large wooden 
boxes with shovels, the materials being turned over and over until lliey 
form a uniformly coloured mass, which is then w'orked in a large hall mill 
for more tiiorough mixing, or is run through a inillstono several times if 
necessary. 'I'lie mixture can he regarded as complete when a sample of 
the product smoothc<l (uil with a horn or sled pnletic knife forms a 
uniformly coloured mass - /.c., none of its ingredients can l)c detected in tl>e 
mixture. 

The mixing of the single natural mineral colours, either together or 
with chemical colours, requires a thorough knowledge of llieir pliysical and 
chemical properties, and more particularly (»f their colouring actiem, and 
can therefore only he ju^rformed hy experienced eolourinen. It being 
difficult to dciermine the individual ingredients of such mixtun’s hy (piali- 
tative analysis, in the absence of artificial mineral colours, it is inqHJssiltle f<» 
analyse them quantitatively. Hence the colournian has in most cases only 
his experience and his practised eye to depend upon when confV(>nt( <l witli 
the task of imitating a given mixture in quality, tint, and price. In con¬ 
sequence of the great multiplicity of mixtures from earth cohuirs known 
in the trad<‘, no general rules can Ik; given here, ami it therefore seems 
more expedient to defer the treatment of the points in this connection to 
the description of the individual groups of colours given later on. 
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I.-WHITE EARTH COLOURS 


«. THE NATIVE BARIUM COMPOUNDS 

Barytes (Banuvi Sulphate, Schwersimth, Sulphate, de Bai-yle ; liaSOJ 

Bahytrs occurs generally as more or less large masses only in ilie primitive 
rocks or in those of volcanic origins. In (ierrnany especially it is found in fairly 
considerable quantities and mined in several places. It is cliieHy found in 
the Oden forest (Hesse), near Neustadt, in the Spessart, near Lohr-on-Main, 
Waldshut (Baden), in Thuringia, near Koenigsee, itc., sometimes in great 
abundance. It 000111*8 in various forms and degrees of purity, ranging from 
pure white, large pieces (rhombic crystals) to small fragments of a yellowish 
or reddish tint, in the same vein. The most common associates of barytes 
are the sulphides of the metals, especially lead sulphide, more rarely the 
sulphides of antimony, iron, or copper. 

Preparation. —'I'he mined crystals of barytes are sorted into greater or 
smaller pure white, reildish, or yellowish pieces, and separated from adhering 
gangue by aid of crutch-shaped iron tools. This operation is mostly done in 
suitable cemented reservoirs, provided with iron or wooden bottoms perforated 
with a number of holes. The single brands are then treated with a strong 
flush of water and at the same time the pieces are stirred with crutch-shaped 
iron bars so as to free them from the adhering stony matter, earthy or mineral 
bodies, A’c. The washed pieces are then dried in llie open air or in tlie plant 
described on p. 3.5(), and, if necessary, again sorted, this time according to 
colour. The cleaned crystals are next coarsely crushed, or, if sufficiently fine, 
ground at once in edge runners, and carried by means of conveyors to the mills. 
One or two grindings of the barytes powder being veiy rarely sufficient, the 
powder is generally milled three or four times. The powder from the first 
grinding is transported by conveyors to the second mill, from this to the thini, 
and soon. After the final grinding the barytes powder is generally impalpable. 
The stones of the barytes mills must have a considerable diameter, and be of 
the best material, owing to the hardness of the barytes. The French stones 
arc found to be the best, and are now exclusively used for this purpose. 

Even the purest barytes crystals do not form a pure white powder when 
ground, but are of a yellowish or reddish shade. The manufacturer therefore 
“kills” the defective colour of the ground barytes by adding a certain 
(juantity of ultramarine, generally during the grinding. This manipulation. 
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although equivalent to intention'll dewption, is, however, not ohjecled to 
by customers, probably because they are used to it. 

A large number ot‘brands of ground barytes are met with in the trade, 
according to the fineness or shade. 'I'lie purest and finest brands are called 
fiowers of baryfes, while the more or less coloured ones, in view of their 
coarser textures, are tienomlnated barif/es /. <jr Il.—mUixli or i/efloiruib. 
The product is sent out in barrels holding up t«» half a ton, or in bags con¬ 
taining 1 cwt. 

PropcHies. —The trade product is a tasteless and inodorous, heavy white 
powder, of sj). gr. .‘i fl to !• *.5:1, according to juirily. Barytes cannot i)e used 
alone as a colour on account of its exceedingly low covering |K)wer, even 
ill the imtst finely ground stale. It is quite insoluble in water and all 
dilute aelds. Strong sulphuric acid diss«)lves about .S percent, (especially 
when heated), but on dilution with water the dissolved barytes is completely 
repreeipitated in an unaltered state. It is quite unchangeil by calcination, 
but when beated with one-third of its own weight of carbon barytes parts 
with its oxygen, and is reduced to barium sulphide. Barytes is nearly always 
found admixed with smaller or greater quantities calcium sulphate or 
carbonate, but seldom with barium cavb«uiate or metallic suipbides. The 
inferior brands have a yellowish or reddish shade, due to the presence ot 
ferricoxide, which can he removed by boiling witli dilute acids and afterwnrd.s 
washing. In practice, however, although this method gives perfectly white 
brands from discoloured sorts without any tcehnicjil difiieully, it is rarely used, 
if at all, principally because the price of barytes is very low and the natural 
impurities do not affect its use for most purposes. VV’Iieii enlciiied with alkali 
carbonates barytes is converted into barium carbonate: 

BaSO^ -f. Na^CO,, = Na.,S(), + BaCO,. 

The same conversion is obtained, but less completely, by boiling it with 
solutions of alkali carbonates. 

Use and Annh/sis. —The purer the whiteness and the finer the powder the 
greater the value and suitability of the barytes for most jiurposes. Barytes is 
used in manufacturing the various barium compounds, and /ill kinds are also 
extensively employed as a basis or adjunct in the preparation of mineral and 
lake pigments. As already mentioned, it is of no value as a jiainter’s colour, 
since it has very little covering power when ground with water, and none at all 
with varnish. This property, however, makes it of special value as an adjunct 
to colours that cover well ; and its Absolute indifference to other chemical 
bodies is specially important. I hc addition of barytes to arlifici/il mineral 
colours or to lake pigments is by no means to be classed as an adulteration, 
as the resulting colours are sold at a correspondingly low price, to the 
advantage of the buyer; and, again, most colours, especially the numerous 
lakes, would be of no practical use without this addition. For instance, the 
chromes, with their specially high covering power, and their mixed pro¬ 
ducts, the chrome greens, could not be used as painter’s colours without 
an addition of Imrytes, which facilitates distribution, brightens the shade, 
and favourably modifies the general workability of the paint. The same 
is the case with the lakes, the addition of white bodies (for poorer brands 
the natural barytes) increasing their brightness and suitability for use. 
The low covering power of barytes is here of special value, the shades 



of tlie lake pigments being brightened to the desired extent without Ihelf 
covering power being essentially changed, provided, of course, that no 
excessive quantity of barytes is used. 

Tlie fineness and the shade of the barytes suitable for colour manu> 
facturing purposes depend, of course, on the properties and the commercial 
value of the colours in question. For very light and bright, or even white 
mineral colours, of course, only perfectly white barytes can be used, while 
for deeper, red or dark yellow gratles, for instance, the yellowish or reddish 
brands of barytes can be employed. The same applies to the lakes, though 
it should be mentioned here that especially bright green lakes may often be 
unfavourably influenced even by very slightly red-tinged barytes. 

I'he behaviour of barytes when ground with other colours in varnish 
is remarkable. Barytes requires only about 8 per cent, of varnish to attain 
the consistency of ordinary oil paints; hence colours that require large 
quantities of varnish (some, for instance, need 50 per cent, of their own 
weight) recjuire a considerably smaller quantity when ground with barytes, 
their price being also considerably reduced. This favourable circumstance 
is largely utilised in practice, the more so because the low covering 
•power of barytes has little effect on the good covering colours. Whilst 
in dry colours an excessive quantity of added barytes is easily revealed by 
their dulled appearance, thisdi&ulvantage is removed by the enriching effect 
of the varnisii. Oil colours, tlierefore, are able to take such large quantities 
of barytes that here an adulteration with barytes might be spoken of. The 
absolute indifference of barium sulf)hate to all chemical x’eagents facilitates 
detection, and affords an effectual clieck. 

The Analt/six of Bari/kx. —Barytes should be tested for fineness of grind¬ 
ing, which can be easily done by spreading it out with a liorn or steel palette 
knife, and especially for calcium sulphate or carbonate, barium carbonate, 
and ferric oxide. The tests will rarely be extended to added ultramarine 
or intentionally added metallic sulphides. 

The content of pure harium sulphate is found by boiling a weighed sampb 
with hydrochloric acid, filtering, washing, drying, and weighing the residu< 
after heating. 

For the qualitative detection of the above-named adulterations a samph 
of the filtrate is treated with barium chloride. A white precipitate showi 
the presence of gypsum (calcium sulphate). 

Another part of the filtrate is acidified with a few drops of pure hydro 
chloric acid and treated with one drop df a solution of potassium ferrocyanide 
A blue precipitate shows the presence of ferric oxide. 

If on treating barytes with hydrochloric acid the mass froths up th< 
presence of calcium or barium carbonate is indicated. 

If a sample of the filtrate treated with sulpliuric acid gives a while pre 
cipitatc, harium carhonale (witheritc) is jn’csent. If, however, in spite of i 
distinctly observed frothing, no precipitate is obtained by an addition o 
sulphuric acid, a content of calcium carhimale is herewith indicated. Ai 
admi.xtui'c of ullraimniHe blue can generally be delected by the naked eyt 
(certainly with a magnifying glass), owing to the peculiar shade of th< 
barytes. Ultramarine can be tested for by means of a strong solutioi 
of alum or aluminium sulphate, a decided smell of sulphuretted hy 
drogen becoming a])pavent. If this smell is detected on adding dilut 
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mineral acids instead of the saiil solutions, a (iiatiirally admixed) mHallk 
snlphidv Is present. 

The (juantitative analysis of the impurities named can, if reipiired, l)e 
performed by the jfravinietric method, impurities being easily separated from 
barytes on account of the absolute insolubility of barium sulplmte. 

Finally, a jmictical test for barytes may be given which enables a fairly 
reliable estimate to be formed of the kind of the crude barytes, colour, and 
(with a little practice) the impurities and the fineness of the grinding. This 
test is based on the behaviojir of barytes towards lurjumtine. A small 
quantity of I)arytes is spread on aglass plate and moistened with a few drops 
of turpentine. If the barytes is absolutely pure a colourless, lrans])avent 
mass is ol)tained, but if it c<mtains even a small quantity of yellowish, 
reddislj, or greyish brand of barytes that cannot he detected in the dry 
coimnercial arlu'le, tlie coloration sliows up on adding the turpentine. 
Many persons in the trade liave become so skilful in applying this simple 
test that thev are able to dispense with actual analysis. Hy means of this 
siinjde test the fmcne.ss of grinding can also be distinctly observed. 

Barium Carbonate (flV/ZreW/e; BaCO^) 

Except for certain deposits in Germany, the only abundant sources of 
this mineral occur in England. The occurrence and method of mining are 
very similar t<» tluise of barytes; and the natural impurities, especially the 
mctnllir sulphides, are also the same in quality, but greater in (juantity ; but 
arsenic sulphide is sometimes also present. Barium earhonate occurs 
especially in crystals of the rhombic system, of less specific hardness, hut 
of considerably higher specific gravity (sp. gr. ()-8 to T'h) than barytes, 
and is sehlom put on the market in such a fine powder as tlie latter. On 
account of its exceedingly low covering power, its poisonous properties, and 
dull tint, barium carbonate is of no use for colour-making. It serves as a raw 
material to inanufaeture various barium compounds, for wliicli jmrpose its 
high soluhillty in hydrochloric acid (see p. 84) is specially favourable. 'I'he 
shade of the commercial powdered barium carbonate is rarely a pure white, 
hut nio.stly strongly yellowish, greenish, or greyish. VVitherite melts at a 
very high temperature without being decomposed. 


b. THE NATIVE CALCIUM COMPOUNDS 
Gypsum (Calcium Su/plialc, Latsiny Annalin, Leicktspnlh ; CaSO^ + 2H/)) 

Gypsum occurs in great abundance in many p?irts of the world, and forms 
(either alone or with anhydrous calcium sulphate) not merely important strata 
and rocks, but sometimes whole mountains. Two different principal con¬ 
ditions of the native mineral are known—the true gifpsuvi, with two mole¬ 
cules of water of crystallisation, chiefly as crystals of the monoclinic system ; 
and (Dihpdrouft gypsum, in rhombic crystals, the mineral being known as 
anhydrite. 

Jn an inifxire, dense state gypsum forms abundant deposits of so-called 
gypsum spar; in a granular, crystalline state it is called alabaster; satin sf)ar is a 
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variety occurrinit as rod-like or fibrous masses; in large tabular pieces it ijoii- 
stitutes maricnglnu. It also occurs combined with potassium or magnesium 
sulphates,in the rock salt beds of Stassfurt, Berchtesgaden, Ischl, &c., and is 
then called poltfhalite. Gypsum occurs in the purest state in the Muschel- 
kalk, Keuper,and Zechstcin formations, frequently as beds or stocks of a red¬ 
dish or greyish tint; in a less pure state it is found in the lias. In Germany 
important deposits are found in Thuringia (Frankenhausen, Koenigsee), 
Franconia, and Wiirtemberg; and at Osterode (Harz) it forms whole moun¬ 
tains. Pure white ground gypsum has different names in commerce, according 
to the fineness of the powder, and is called Ijeichispaih, Lermn, Fedcf'wem in 
Germany. Annaline is calcined ground gypsum. 

Froper/iV.?.—Gypsum contains two molecules of water of crystallisation, 
and has therefore the formula CaSO^-fSH^O. It occurs in large monoclinic 
crystals, sometimes twinned and dovetailed. The crystals are sometimes very 
perfect, but have a low degree of hardness, and are generally somewhat 
iiexibie. 

Gypsum is soluble with difficulty in water, and less soluble in hot water 
than in cold. The maximum solubility is reached at about 35® C. 1000 
parts of water dissolve at zero C. not (juite 2 parts of gypsum, but 2'8 
parts at 14® C. If ammonium chloride is present gypsum dissolves more 
readily. If crystallised gypsum be heated for a certain time to 90°C. it 
loses about 1.5 per cent, of water, and the rest on raising the temperature to 
170® C., the gypsum then becoming perfectly anhydrous.* If a saturated 
solution of gypsum be heated in a closed glass to 1.30® to 150® C., crystals of 
2CaS(), + H.,0 are deposited, but readily take up water again below 130® C. 
Boiler fur consists for the most part of this compound. Gypsum from which 
all, or nearly all, the water has been expelled is called burned or calcined 
gt/fmim, l)ut when moistened reabsorbs the two molecules of water expelled 
by the heat, and gradually sets to a solid mass. This beliaviour of the 
burned gy))siira is utilised for moulding and casting purposes, and for making 
mortar. Gypsum heated above 200® C. is said to have been killed, being 
no longer able to take up again its water of crystallisation, or, at any rate, 
will not set hard with water until a long time has elapsed. The specific 
gravity of gypsum is 2 33. 

Preparation .—Whereas formerly gypsum was prepared for various indus¬ 
trial purposes in a most complicated, irrational way, different brands of 
gypsum are now ground in the same manner as barytes. Gypsum being 
about Imlf the cost of barytes, and of considerably lower specific gravity, the 
diurnal output requires to be much greater in order to secure a profit. The 
greater softness of the gypsum, of course, facilitates the working, the repeated 
grinding required in the preparation of barytes being mostly superfiuous in 
this case. For many teclmical purposes— e.g., mixing with ultramarine— 
very fine grinding is not at all necessary. The grinding is therefore easier, 
and requires, in spite of the greater daily output, a smaller plant and less 
complicated, expensive machinery than for most other natural mineral 
colours. As a rule, the raw material can be sufficiently worked in edge-runner 
mills,theuseof heavy, |)owerful crushersbeingdispensedwith. The subsequent 
fine grinding, exclusively effected by edge-runners, is also more simple. The 

* According to Ic Chatclicr. gypsum is converted at 120® to 130® C. into a compouud.. 
2 CaS 04 -t- HjO, and becomes i>erfc<:Uy anhydrous at 160® to 170° C. 
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aw material being soft and loose, the millstones need not be set very close, 
.nd the mill therefore runs more easily and better, with less consumption of 
mwer. The former practice of wet grinding was rendered unprolitable by 
he cost of drying the humid mass, and as the product was no finer or better 
n colour, has now been entirely discarded. Gypsum works are now fitted 
ip entirely for dry grinding, the sifting process having also been abmdoned, 
iwing partly to the difficulty and |Mirtly to its being unnecessary ; therefore 
jypsum is now sifted only when specially ordered to be .so treated. 

The f/iaiiufaclure of ca/cined gt/psum was also earrie<l on at one time in 
a simple and sometimes unsuitable manner, the lumps of gypsum being 
generally interspersed with the fuel, so that a superficial reduction of the 
calcium sulphate to calcium sulphide (CaSO^ + 4C = CnS+K’) occurred, 
thereby rendering it useless for many purposes. 

Gyj>sum is calcined in gi/psum. kihix. The simple kiln, still often \ised, 
consists of four strong walls covered with a fiat roof containing several flues. 
The fireplaces are placed on opposite sides. 7'he larger lumps of tlio raw 
material are built up in arches in the kiln, to serve as channels for the hot 
gases, and topped with the finer portions. A suitably strong wood fire is 
maintained during the whole process, and the oiKuiings for charging and 
discharging the kiln are tightly stopped. 

The kiln recommended by ScanegaHy for calcining gypsum is very 
similar in construction, charging, and working to that for ultramarine 
illustrated in Fig. 59. The inside of the kiln is divided at about l6 ins. to 
20 iii.s. above the bottom into two chambers of unequal size by a flat partition 
provided wi*h discimrging flues. 1’he gypsum is charged into the upper 
and larger chamber by the aid of a door at the one side and through a hole 
in the partition above (in the place of the chimney .shown in Fig. ,'>9). I’he 
lower, smaller chamber communicates direct with the fireplace, which is 
under the kiln, and is arranged for burning coke or coal. The up-draught 
carries the flame first into the lower chamber, and then through the nume¬ 
rous openings into the calcining eliamber, which it traverses in all directions 
the spent gases then escaping into the open air by the flue at the top. 
Steam is formed in considerable quantity at the beginning of tl\e process, 
and e.scapes into the air through a number of vertical flues in the |)artitioii. 

In the shajl furnace proposed by Him the air for combustion is forced 
by a blower into sets of heating chambers below the stove, arranged side by 
side and superim|>osed, and thence through flues and openings in the side 
by a fan. At the lower end of tlie kiln is an inclined pipe for discharging 
the burned gypsum.* 

Various other forms of gypsum kilns are used ; for instance, those with 
movable trucks; but a description of these would occupy too much space 
here. 

i'he calcined gypsum is ground in mills like the raw material to a 
jM)wdcr of varying fineness, according to the purpose in view. For many 
purposes, however, the gypsum obtained by the method described above is 
unsuitable. Finer brands are manufactured by heating ground, pure white 
gypsum (containing water) to 170^ C. in large iron pan.s provided with 
stirrers, the water escaping and producing considerable agitation in the 
powder. In this method of preparation no further grinding is required. 

♦ For description see Dr. F. Fischer, Ckemical Terh/udegij, 1889. 
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Une.—Ou account of its low covering power and want of stability, gypsum 
cannot be considered as a real colour. It plays a cci laiu part, however, in 
colour making as an adjunct for producing cheap brands. A great number 
of ai*ti(icial mineral colours as well as the earth colours and lake pigments 
are considerably cheapened by an addition of gyj>suni witliout suflering any 
special deterioration—for instance, the chrome yellows, the various brands 
of ultramarine blue, Bremen blue, copper-arsenic green.s, some ebrome 
greens, itc., the addition of gypsum to which 1ms already been mentioned 
under their respective headings. Many eartli colours, however, especially tlie 
red ami yellow ferric oxide colours, the brown manganese oxide, even the 
various brands of lampblack pigments, are mixed with sometimes consider¬ 
able (piantilies of gy))sum, according to their covering power and other 
properties, to regulate their commercial value. Jn this case there is no real 
adulteration, the colours being so low in juice that no one of cx{)erience 
imagines them to be pure. Besides, the manufacturers take care in their own 
interest to avoid any addition of gyj)sum where it would adversely affect the 
use of the colours—for instance, in lithographic printing, wal!-j)aper jjriuting, 
and fancy paj)er making. 

The gyj)sum used for colour jujrjroses is generally the j)()wdcr obtained 
by grindiiig the natural gypsum, more rarely burned gypsum that has 
been reconverted into the hydrated form by treatment with water, followed 
by drying and grinding. The shade of gypsum should be a pure white, 
yellowish, reddish, or greyish, according to the purpose in view. All these 
shades of gyjjsum can be formed in colour works, though the juire white 
brands are preferable. With a few exceptions, the Hucsl possible grinding is 
essential to the use of gypsum as an adjunct, especially wlicn the mixtures 
are |)ve[)ared by |)rccij)itating the eolour materials directly on to gypsum 
from their solutions. If <!oarse-ground gy))sum were used in such eases 
the colours would be fullerinshade, but would exhibita fatal tendency toyicld 
white streaks, on account of the coarse j)ai ticlcs, when spread out with the 
palette knife. 

Examination .—Except the test for colour and fincJiess, no analysis is made 
of gypsum for colour making ])ur|K)ses. 

Though the other technical uses of raw and burned gypsum do not come 
within tlie scoj)e of this work, the most im}K>rtant, however, may be briefly 
mentioned here. 

Crude gy])smn is sometimes used as nbniidlng material, \mt is gradually 
dissolved l)y rain. The dense, fine-grained alabaster is used by sculj)tors. 
(iround raw gypsum serves as a manure, esj)ecially for meadows and clover. 
Burnt gypsum is specially used for plaster easts of all kinds (j)lasterof Baris), 
stucco, cement, mortar, &c. In using dehydrated gyj)sum for casting and 
re|)roduction purposes a thin jmste of 1 j)art burnt gyj>sum with to 2'5 
j>arls water is used. On the formation of the resulting gy{)sum crystals 
(CaSO^-f-2H,0) the rest of the water is mechanically occluded, but eva¬ 
porates for the most part when the materials are dried, these latter then 
assuming the well-known porous apj)earanec. A well-l)urnt gypsum usually 
sets hard in one to two minutes, and becomes slightly warm. Oenerally some 
kind of glue is added to delay the setting ju’oeess (‘^binding”), and alst» to 
impart greater hardness and a marble-like a])i)earance to tlie gyjisum. This 
kind of gypsum is generally used for architectural ornaments, decorations, 
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&c., various effects bein'? produced by tlie addition of colours, such as indigo, 
certain eartii colours, colcothar, lampblacks, \-c. 'I'o produce alum-gtfimnn 
(pbUre alune, French stucco, marble cement) plaster articles arc dipped in 
a warm solution of (i(K) parts of alum in .'>000 ol'water for fffteen to thirty 
mimite.s, and treated with a sohition of alum \ehen cold, tlie result being a 
crystalline superffcial layer. ’I'liis method lias been siinpliffed by treating 
powdeiaal gyp.sum with a solution of alum and recalcining it after drying. 
Ibis alum-gypsnni sets bard as easily as t)r(linary gypsum wlien ground, 
but the plaster has to be mixed with alum solution. 

Puriun (rmott is gypsum iiardcned with borax. 

Calcium Carbonate (CaCO^) 

'I his Compound occurs in a pure slate as the minerals aragonite and aih'- 
spar, usually met with in well-formed crystals heloiiging to two different 
systems. 

('air-spar, or ralrifr, oryslallises in the hexagonal system, the fundamental 
forms being the rhonihoheclral, tlie sealenohedral, or tlie hexagonal prism,rarely 
the pyramidal. ’Flic n(nnl)cr of the <liH'erent forms and comhinations is very 
great, exc<‘e<ling two hundreil. ( air-spar is found abundantly in the S[>essart 
and the OdenwabI, near Heidelberg, the ('pper Palatinati*, near Uettwitz, in 
Sweden at Mannorbriicket and Motala, and in smaller (pianlilies in Silesia and 
many other jilaces. A varietyof calc spar is found in Iceland, near RiWleliord, 
the so-called doulily refraeling Jrr/and spar, forming fx rlecily transparent ami 
generally colourless rhomholiedra, which arc used for o[)lical purposes. The 
term ea)<‘ spar is a collective name, comprisingall the crystallised or distinctly 
individualised varictic.s of calcium carbonate, wliilst the also mnnei'oiis and 
most important forms of erystaliine, Hbrons, shell-like, or granular to dense 
texture are <‘alled marhir, jihrous //.me, stale spar, i/iaeslo/ie, Ike. When the 
mountainstreamseotitainingealeinm bicarbonate in solution,percolate ihrougli 
the roofs of natural caverns the gradual evaporalioJi of the carlmnic acid and 
the water precipitates neutral calcium carbonate, and the so-called .v/u/r/r/?/c.v, 
sometimes of very marvellous shapes, are tlicn formed, ('alrareous /w//* and 
pear! sialr'- are foniRil in a sitnilar manner, 

Cl/alk and vKu/nlaia mill- are earthy, amorphous or crypto crystalline, 
easily pulverisable varielii's of calcium carlxmale. 

A/'agoiiite crystallises in the rhombic system, hut also forms ])arallel and 
radial fibrous aggregations. To the latter forms belong especially the so- 
called pisolites. Iron hloo/n and spn/detsfein (from calcareous springs) form 
encrustations and stalaetitic depo.sits. Of all these calcium carbonate minerals 
only c/ialk, ordinary iiniesione, and cate-spar are used for colour manufacturing 
purposes. 


1. Chalk, Jniitiag, Paris JVhite, Knglish White, Spa/dsh While 
[Kre.ule, Blanc de .Meudo/i, de Paris, de Tropes, d'OrUams ; Btane 
Mineral, Craie) 

This suhslanee, sold under all these names, is one of the most important 
components of the cretaceous formation, which is of very extensive occurrence 
in many parts of the world. In Europe it is found in abundant deposits on 
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the English coasts, on the Danish islands, in Sweden, at Rugen, Usedom, and 
Wollin, in Champagne, and in many other places. Sometimes it occurs as a 
thick limestone (Planer limestone, or chalk), or it forms rocky masses con¬ 
taining irregular nodules of flint with enclosed siliciiied shells, and of iron 
pyrites. The crude chalk is generally contaminated with a variable quantity of 
clay, iron oxide, or manganese oxide, and sometimes of oi’ganic matter. It is 
generally obtained by quarrying. 

Preparation .—The preparation of the crude chalk for various purposes 
differs according to the climate. In wet, northern countries the raw product 
is stacked in the open air, to be weathered by atinosj)heric influences. The 
stacks are exposed to rain and dry winds alternately, and especially to frost, 
so that the initially hard stone is crumbled to a powder that readily mixes 
to a paste with water, which afterwards is levigated in the usual way. In 
France and Spain, where this cheap method of preparation is precluded, or 
only possible at certain times of the year, on account of the insufficiciit 
rainfall, the crude product is suitably crushed and then levigated. Since 
the carrying out of this process depends on the properties (especially the 
hardness and purity) of the mineral, the methods, as well as the appliances 
and machines, used differ considerably, so tljat a detailed description would 
be (litticult, and we shall therefore deal merely with generalities. 

In some cases the chalk, after being render^ friable l)y weathering, is 
freed from coarse impurities, such as flints, lumps of pyrites, &c., and after¬ 
wards ground in large wet mills (for machinery see Fig. f)). In others 
the harder masses of chalk are first crushed in nulls like those illustrated in 
Figs. 39 and 40, to prepare it for levigation. The circumstance that the 
coarse impurities are reduced as well is very little drawback, their higher 
specific gravity causing them to settle down quickly during levigation and 
to readily separate from the suspended chalk. For this reason any crushing 
machine will do for chalk, provided it is of ample capacity, not liable to 
be choked up, and will deliver the chalk in a finely powdered state suitable 
for levigation. If wet mills or machines of similar construction are used 
the first grinding may be rough, tlie desired fineness being obtained in 
the final grinding. 

The levigation process varies very much in different places. I.a)cal cir¬ 
cumstances and the size of the works naturally determine the size of the plant 
used. Levigation factories are mostly equipped with a very simple and effi¬ 
cient levigator, consisting of a reservoir 18 to 20 ft. in diameter, round or 
polygonal (twelve- or sixteen-sided) in sliape, and 40 to ()0 ins. in depth, 
and sunk in the ground. This reservoir is lined with brick and cemented ; 
or, more simply, an enclosure is made with thin, strong deal planks, hacked 
with puddled clay. A strong post is driven into the ground exactly in the 
middle of the reservoir, to serve as a firm support for a cross-arm stirrer 
extending right to the edges of the tank. Each arm (generally four) of the 
stin er is fitted with teeth reaching to within about \ \ in. of the bottom 
of the reservoir. The teeth are vertical, and set about 4 to 6 ins. apart, 
and are fastened together by laths so as to form a number of triangular 
points tunied towards the bottom of the reservoir. They may be either of 
wood or iron; in which latter case they will be of round section, tapered 
and somewimt bent at one end, the other (straight) end being bolted, about 
IJ to 2 ins. apart, to the rake arms. With this arrangement no cross-slays arft- 



THE NATIVE CAiriUM COMPOUND^ 375 

needed. 'I lic fimr rake arms are inrmntcfl on a strong iron ring so ns to 
form a cross with square arms. The ccnlral post is provided at the hea<l 
with a recess in which this ring fits exactly, so that the cross is suspended 
and able to move in all directions, the rake teeth passing over the whole 
bottom of the reservoir. If the teeth are made of iron rods these latter arc 
bent at the top in the direction of movement. The machine is driven by 
steam, water power, or by draught animals. Tliis tank conmiunicalcs direct 
by channels with a number of settling tanks, situated on boti) sides <d' 
the plant. The settling taidts are mostly rectangular pits, lined on the 
sides and bottom with latlis, to keep the whiting onl of direct contact 
with the soil. These tanks are placed clo.se together, being .separated only 
by a partition wall, so that the liquid nuiss <‘an be transferre<l to all by 
means of a common gutter. The whiting is usually allowed to dry in 
these tanks, and the feed channel is therefore provided with a sluice 
for each, so that when tank one is full the second, third, itc,, can be charged, 
thus making the operation eontinuou.s. Hy the time the last pit is full the 
contents of the first one .should be dry, or at least suHicicnlly still’ to enable 
the mass to be spread on boards to finish drying. This circmnslance must 
be borne in mind in determining the number of settling tanks to be used. 

The metliod of working with such a plant is briefly as follows: When 
the levigating lank i.s filled with water about three parts full the rake is 
set in motion and the weathered or crushed clmlk is fed in by degie<‘S, 
After a sufficient stirring has been given, the discharging gutter to the 
settling tanks is opened, and a suitable conliniious stream of water is run into 
the levigating tank. The steady, gentle How earri<‘s offtlie finer particles of 
whiting into the settling tank.s, where they settle down: the coarse parts, 
however, remain in the levigating tank, wjiere they are worked over again 
along with a fresh charge. 

Sometimes the .settling tanks are in connection, ni>t willj the levigat¬ 
ing tanks, but with large crushers or stamps (hig. HO), provided with a 
suitable levigator. Since all the other apparatus used for preparing whiting 
are generally based upon the same j)rincjple, there is no need for any 
further description. 

Dratving chalk, c\x\.\\\\.o long quadrangular pieces, for writing on black¬ 
boards, can be made (according to Gentele) in the following way : Finely levi¬ 
gated chalk is mixed with milk of lime and slowly dried in large blocks, the 
added lime being gradually converted to calcium carbonate and binding llie 
whole together, so that it can be sawn. Another way is to form a mixture 
of chalk paste with burnt gypsum, the mass also in this case hardening so 
that it can be sawn, whilst at the same time it becomes suitable for writing 
with. Levigated chalk forms when dry a soft, friable mas.s, which for 
commercial purposes has to be suitably reground. 'J'he special disintegrator 
mills used now for this purpose not only give a very fine product, but are 
also able to turn out large quantities in a short time. 

Large quantities of unlevigated chalk (“ powdered chalk ”) are put on the 
market in a finely divided state, and with good covering power. 'J’his article 
is prepared by grinding very pure lump chalk in disintegrator mills and sifting 
tlie product in the dry state. This brand is as good as the ordinary 
chalk for many purposes. A very pure and white chalk of this kind ia 
found in Russia near Bjicigorod (Weissstadt). 
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Properties and Chalk is the amorphous modification of native calcium 

carbonate, and consists of calcareous chambers (coccoliths) of foraminifera 
and the debris and fragments of the sliells of numerous other organisms 
(molluscs and crustacca). The fragments are soft, have an earthy or 
conchoidal fracture, and a specific gravity of 2 2 to 2*5. Levigated chalk 
should be free from hard, foreign bodies, liave a brilliant white colour, and 
mark easily. The natural impurities, which cannot be removed by the purely 
mechanical method of preparation, consist generally of small quantities of 
clay, iron and manganese oxides, organic bodies, traces of other calcium 
compounds, &c. Chalk is easily decomposed by hydrochloric and nitric 
acids, acetic acid, and even by many salts—eg., aluminium s\dphate, alum, 
tl’c.—carbonic acid ((X)^) being liberated, and the corresponding soluble or 
insoluble calcium salts formed. When heated, chalk loses carbonic acid and 
is changed into calcium oxide. It is absolutely insoluble in pure water, but 
dissolves to some extent in water containing carbonic acid, calcium bicar¬ 
bonate being formed. 

Commercial whiting varies greatly in quality, according to the origin, 
method ami care of preparation, &c. Whereas the f(u*mer chiefly determines 
the purity of colour,tlie method of prepai’ation, of course, mainly influences the 
fineness and covering ])ower. Whiting has good covering power as a water 
colour, though with oil (varnish) it does not cover at all. t'halk paint made 
with oil dries but very slowly, if at all, and always has a dirty yellowish look. 
For this reason it is absurd to add chalk or whiting as an adjunct to j)aint,as 
is often done. When mixed with size, both levigated and crude wliiting, if 
ground fine enough, will give a smooth, uniform paint of good covering 
power, even when mixed with mineral or earth colours of inferior covering 
power. For this reason whiling is largely used in the manufacture of 
wall-papers and ordinary distempers. A mixture of levigated whiting with 
a strong solution of glue to form a stiff paste makes a very good priming for 
indoor painting—c.g., woodwork, cheap furniture, Sic .—but is unsuiiable for 
outdoor use. If the glue be re[»laced by mineral oil or tale, or both together, 
uv pure boiled linseed oil, a kind of cement is obtained which is usidul for 
many purposes, especially as glazier’s putty. 

Whiting is rarely used as an adjunct to artificial dry mineral or earth 
colours, and merely plays a subordinate part in the manufacture of a few lake 
pigments. 

A proper analysis of wliiting is rarely needed in the colour trade, and 
therefore need not be described. Whiting can be easily detected in dry 
colour mixtures by the eftervescence produced on treating the article with 
dilute hydrochloric acid, provided the colour is not itself a carlionatc. In 
this latter case ordinary qualitative tests must be made. 

2. Limestone, Q,uick and Slaked Lime 

Oecurrencc. —Ordinary limestones occur, similarly to chalk, in massive beds 
which have a slightly crystalline character, especially in the Muschelknlk 
and Kcuper fortnalions. The limestone of the Muschelknlk is the more 
crystalline, and is the predominant constituent of the formation, which owes 
its name to the abundance of the fossil shells found in it. Tlie overlying 
and more recent Jurassic formation consists mainly of limestone (the Jura or 
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ooltlic tmedone), which is less crystalline in character, and has fossils rciirc. 
sentiiiR a different fauna, In the Keupcr and Limm- lhrm»(m,s it is less 
pure, of a more marly composition, has fewer fossils, and 'is siil.ordinate to the 
predominating beds of gypsum and sandstone. 

/Vc;WMa,_()rdinary limestone is used exclusively for iiiahing (iiiick- 
Innc winch when slaked with water forms the princi|»l ingredient oriiiortar. 
1 or tins pm pose the Iniiestone is calcined, wherehv it loses carhonic acid and 
IS converted ...to ca cii.m oxide. Cat), qnickli.iie. 'The latter co.nl.ines with 
watei (heat hei.ig l.licrateil) to for.n calcium hydroxide, ('a(()ll),„ which is 
used with sand as n mortal-, liy taking up cai-'hoiiic acid lion. iL- air it is 
gradually reconverted into calcium cailionate and I.ecoiiies li.nd again, 
the caicnnng or “ hiiniing " pi-ocess of the liiiiestone may he explained 
by the following eipiatioii: CaCff^faO + CO.,; and that of the so called 
slaking by the equation CaO +H,()-,Ca(()]|),. The hardening of the 
r //I'll'i ^ explained by the following eipiatioii: 

(.a(()H), + CO, = CaC'0,+ H,(). ' 

I-matom is l„mml in large kilns of various shapes. The limestone is 
mixed with the fuel (wood, coal), or else the heat is ap|ilied IVoiii lalei-al 
hreplacc.s, the flame eiite.-i.ig the interior of the kiln, or tlii-ce special fire- 
places are ari-angeil round the furnace, the flame entering tioin these into the 
k. ". I he bui-nt lime is discharged through openings at the botloin of the 
kiln, ti-esh quantities of limestone being fed in at the top. About .W per cent 
of the weight of the limestone is lost in the bm-iiing. The pi-odiict cannot 
lie kept for atiy long time, and is therefore mostly slaked at once, and the 
resiilting pasty mass stocked in pits, 'I'he admission of carbonic i.eid is 
pi-evented by the supernatant lime-water, which soon l.ccomes covered with 
a skill of calcium carbonate. 


Limestone containing silica, clay, or magnesia cannot be slaked, or only 
vvith dirticulty, the lime being HIM If the temperature be too high 
alumina and silica form coin|ioiinds with the lime, which do not give a stiff’ 
paste with water. If the lime contains magnesia it is not slaked to a fatty, 
plastic niass, but forms a granular paste. Hence the elassilication into fnt 
and (htn lime. 1 he former only is suital)Ie for mortar. 

tor chcmicfil purposes ipiickliiiie is prepared by calcining pure calciinn 
carbonate, marble or calc spar. Ihe expulsion of carbon dioxide is imperfect 
unless the lime be maintained in an atmosphere of inert gas, l-’or this 
purpose carbon monoxide (UO), or sometimes atmospheric air only, is now 
generally used. In the former case the result is obtained by charging the 
kiln with alternating layers of lime and coal (brown coal, wood coal). The 
burning coal reduces the carbon dioxide to carbon monoxide, and is cntiielv 
consumed: CaCO, + C' = CaO + 2CO. 

Quicklime has the |>roperty of ehemically fixing about one-third its own 
weight of water, the temperature rising considerably, and the mass crumbling 
to a fine white powder. This slaking process is carried out in various ways, 
according to the u.se for which slaked lime is intended. If a fine dry powder 
be desired the quicklime is sprinkled with just one-third its own weight of 
water. This water is quickly absorbed by and combined with the very 
porous lime, the temperature rising quickly (to 150° C,). The mass 
crumbles to a dusty powder, the surplus water escaping as a cloud of steam. 
If, on the other hand, the lime be sprinkled with more than its own weight 
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of water it forms with the surplus water a thin paste, which quickly sets to * 
a stiff* mass. During storage in the pits the lime paste thickens, the unde- 
composed particles contained in the freshly slaked lime being gradually 
slaked by the action of the water. 

When an excess of water is used a thin white pulp is formed, milk of 
lime, from which the undissolved hydroxide settles down on standing, whilst 
the top liquor is a solution of calcium hydroxide in water, in the trade called 
lime-water. This saturated solution of lime contains 1 part of calcium oxide, 
CaO, in 760 parts of water, and is therefore very weak. 

Properties and Use.—Calcium oxide, or quicklime, is a white to greyish, 
earthy or porous, infusible mass, with a strongly alkaline taste. The dust 
has a corrosive action on the skin and lungs. When allowed to stand in the 
air (piicklime absorbs water and carbonic acid, and forms a soft, loose powder. 
Tins action must be prevented, being really a convereion into calcium car¬ 
bonate, which is then unslakable. Calcium oxide does not decompose in 
the blowpij)e flame. 

In the dry state calcium hydroxide is a soft, white powder with an 
alkaline reaction. It has a caustic taste, and is decomposed when heated 
into calcium oxide and water. It is very sparingly soluble in water, 1000 
parts of water dissolving only about \ part calcium hydroxide, cold water 
dissolving rather more than hot, so that lime-water prepared at the ordinary 
temperature becomes cloudy when boiled. Dry calcium hydroxide readily 
absorbs carbon dioxide from the air, and is converted into calcium 
carbonate. It must therefore be kept in the form of a very stiff paste, in 
which state it presents a smaller absorbent surface than tlic soft powder. 

The a(|ueous solution of calcium hydroxide, lime-waler, luis an alkaline 
reaction and taste. It absorbs carbon dioxide from the air, tim dissolved 
hydroxide being precipitated as insoluble white calcium carbonate. For 
this reason lime-water must always be kept in tightly closed bottles. 

Quick or slaked lime is largely used in various ways, and is a very 
important commercial article. As already mentioned, it is used to manu¬ 
facture caustic soda and caustic potash from the corresponding alkali 
carbonates. Slaked lime plays an important })art in tiie manufacture of 
acetic acid from wood, also in manufacturing oxalic acid, alum and 
aluminium sulphate, bleaching powder, sugar from beetroot, ammonia 
from sal ammoniac, for preparing skins in tanning, for treating cotton in 
bleaching, &c. Its chief employment, however, is for making mortar. 

As milk of lime, slaked lime is largely used for coating plaster and stone 
walls. 'I’lie calcium hydroxide fonning a thin film on the wall, is very loosely 
adherent at first, and can easily be removed by the fingers, hut changes by- 
and-by into calcium carbonate by taking up water and carbon dioxide, and , 
becomes quite hard. This so-called “ binding” of the lime can be furthered 
by the addition of finely ground curd, casein, skim milk, ^c. The casein 
contained in the milk and curd forms a caseate with the calcium hydroxide, 
and when dry becomes so hard that walls covered with it are impervious to 
moisture, rain, A'c, The important manufacture of weather-proof paints for 
outside work is based on this property of the casein-lime compouiul. Tliese 
pigments are obtained a pasli^ condilion when ordinary <‘hcesc curd is 
treated with about onc-third of its own weight of commercial annnonia. 
'The resulting mass is mixed thoroughly with about the same quantity of -: 
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powdered otlcium hydroxule, lui o(|ual ((imnlity of (-ha)k, and a littJr of the 
earth colours ultramarine* blue or ullramarim* jjrern, and finally ground in n 
suitable hopper mill {I'ijj. 9)- If the mixture Itecomes too .stiff, it is thinned 
down witli water to a workable condition. 'J'he product is sold in hermeti 
cally closed tins, in which it keeps well for a lon^^ time. For use the pastj 
mass is thinned down with water if necessary. 'I'he ammonia contained 
in the preparation evaporates on drying. 

Dty weather-proof painter s colonrx are made l)y treating definite (piantitie); 
of powdered slaked lime with chalk, mineral, and earth colours, ami inti 
mately mixed with ] 0 to ^^0 per c<*iit. of powdered caseiti (blood casein) in the 
usual way. For use the product is generally simply mix<*d with water and 
applied immediately. The dry pigment Jia.s, however, one im onvenience; 
the calcium Iiydroxide after a cerfain time becomes converted into ealeiuni 
carbonate, the suhsequeiit hardening of the coating of paint being con- 
siderahly retarded, if not prevented entirely. A brand of casein has recently 
been placed on the market under the name “ Lactarin,’' which, when mixed 
with whiting only, and without calcium hydroxide, gives a weatljcrprool 
paint pos.sessing all the properties tiesired. 

The use of slaked lime in colour-making, especially in producing the 
mineral colours, has already hecn mentioned, and its use for lake pigmenb 
will be referred to in connection with these latter. 


•i. Cak-xpnr {Paris- fV/iile) 

This term C()mprises those natural calcium carbonates wbicli are principall} 
found in primary limestones as coarsely cleaving crystals, and in a very jnirt 
state. When finely powdered, they are e(jual, if not superior, to whiting, the 
colour jwrtieularly being very often much whiter. Calc-spar is ground in the 
same way as barytes ( 7 .C.), but, being softer, <locs not recpiire grinding sc 
often. Powdered calc-spar, or Paris' while, as it is sometimes called, is of ji 
greater specific gravity than whiting, but if sufficiently fine has the sanu 
covering ])Ower when used as a distemper. As an oil colour the covering 
power, however, like whiting, is only very low. 

Palis white is scarcely ever used in colour making, one exception being a; 
an adjunct to chrome green, which will stand a high pro|X)rtion witlnuii 
deterioration of shade. 'I'he mixing is always made in the dry stale in ai 
edge-runner or a ball mill. 

Powdered calc-.spar when heated yields a very pure white lime, and h 
therefore very often used in the chemical industry, 'i'he resulting cal 
cium hydroxide is used in the manufacture of lake colours as a precipitating 
agent for alum or aluminium sulphate, these latter being decomposed int( 
aluminium hydroxide and calcium sulphate. 

Calcium Phosphate (Bone Earth) 

Neutral calcium phosphate occurs native ns hexagonal crystals of apatite 
which also contains variable quantities of calcium Huoride and calciun 
chloride. Under the names of phoxphorife and oxfeolite it is found in thi 
amorphous, earthy, or crypto crystalline state, the latter especially nea 
Limburg and Ainberg. 
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The above-named double compounds of native calcium phosphate cannot 
be used for colour-making, not being in a suitable state, nor can pure neutral 
calcium phosphate be cheaply obtained therefrom in a suitable form for serv¬ 
ing as a base for mineral or lake colours. The only suitable product is that 
obtained by calcining or chemically treating bones, for which reason the 
process will now be briefly described, though it really does not fall within 
the scope of this section. 

Bone earth is manufactured by two methods, viz.: 

J. By calcining bones (after removing the grease) in the open air; or 

2. By precipitating a hydrochloric acid solution of the inorganic consti¬ 
tuents of bone with caustic potash. 

'riie calcining is generally effected in kilns which, even in lai'ge wfjrks, 
arc very similar to lime-kilns ((/.r.) in form and dimensions. A layer of 
wood is placed on the bottom of the kiln, and over this the hones, tlie 
wood being tlien ignited and the fire kept up. 'I'he perfectly calcined 
(white) bones are removed tlirough an opening, and fre.sli hones are put in. 
The very malodorous gases are led off'through a strong slieet-iroii cowl into 
the chimney, which must have a good draught. It is preferable to l)urn 
the gases as completely as possible, thus saving fuel. 101) parts of fresh 
hones give T)!) to i)') parts of calcitied hones.* 

'I’lic product forms irregular w'hitc lumps of such slight hardness that 
they can easily he ground to a soft, fine white powder in edge-runners, ball 
mills, iS;c. 

I'lie manufacture of calcium phosphate by treating degreaseil honcti irith 
hydrochloric acid is part of the bone-glue manufacturing process, and is 
generally performed in the following w’ay : 

Boiled hones in crates hung on rods in wooden tanks are treated with 
hj^drochloric acid of sp. gr. 1 •().'>. The bones remain in these crates until 
perfectly soft and all tlie inorganic matter is dissolved out. 'Hie residue 
is tlicn worked up for glue, whilst tlie repeatedly used and saturated 
hydrochloric acid solutions are collected in a large wooden tank, where they 
are freed from iron (originating in the hydrochloric acid), and the phosphoric 
acid is precipitated as neutral calcium phosphate by the aid of (juicklime 
and calcium carbonate. Tlie precipitate generally contains to 20 per 
cent, of phosphoric acid, hut with proper care it can he obtained in a very 
pure state, (n tins case sufficient very pure milk of lime is a<lded to the 
hydrochloric acid solution of calcium phospliate to neutralise tlie acid. The 
calcium phospliate is completely precipitated a.s a white mass, while tlie 
readily soluble calcium chloride, formed at the same time, remains dissolved. 
After being washed and freed from the adhering calcium chloride, calcium 
phosphate forms a very wliite powder, of much purer composition than that 
obtained by calcination. It is sometimes used as a base for manufacturing 
lake colours. 

Properties .—Tricalcium phosphate, Ca^fPO^);,, is not decomposed when 
calcined alone. It is insoluble in pure water, but somewhat soluble in water 
containing carbonic acid, common salt, ammonia salts, or certain organic 
bodies. It dissolves in hydrochloric acid, nitric acid, and sulphuric acid, 
being converted into acid calcium pliosphate (monocalcium phosphate), 
CaH(PO^). Tricalciiim phosphate is artificially obtained by precipitating 
* F. Fischer, Manual of Chemical Teehnoloijy. 
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All ammoniacal solution of calcium chloride with sodium phosphate. It forms 
a transparent jelly like precipitate, which turns to a white earthy powder 
when dried. 


r. THE NATIVE SILICATES 
Magnesium Silicate 

'riiis occurs native in various very important minerals, the 
best known of whicli are : 

(«) Oliriiie, Mg^SiO^ or‘i.VIjfO.SiO,, or (rhombic crystals), the 

magnesia being partly replaced in some specimens by ferrous oxide 

(/j) ‘V(Tptv///«c, .‘lMg0.2Si0j, with or Mg,Si^()j + (2 (also 

rhombic crystals). 

(c) Talc, .mapxioHe, or steatite, or JMgO.tSiO,.11^,0, liexa- 

gonal rlu)ii)l)ic plates. A variety of this compound is meersehainu, 
iiMg()..'j!.Si(), + (‘.2 or 4) molecules of H/). 

Magnesium silicate is also found as magnesium double silicates, ot 
whicli the most important arc augUe ami amp/uhole, which arc essentially 
calcium magnesium silicates. A variety of amphihole is the technically 
important substance asbestos (calcium magnesium silicates of varying com¬ 
position). 

Talc {Steatite, Talcum, French Chalk) 

Besides the augiles, whicli will be fully described with the green earth 
Colours, tab’— i.e., powdered .steatite—i.s the only native magnesium silicate 
used for colour-making. It is not a true colour in the jiroper sense ot 
the word, but is frecjuently prepared in the manufacture of earth colours 
'I’alc comes on the market as a powder, chieHy from Bohemia ami 'J'rieste, 
thougli of late the work of talc-grinding has .sometimes been under¬ 
taken as a subordinate operation by .some (icrnian makers of earth 
colours. Owing to its low degree of hardness (=1), talc-grinding i.s a very 
simple process, and is mostly done in large wet mills, the material being 
rarelv ground in the dry state. I'lie finely ground talc is separated from 
tile top liquor in settling tanks or pits by decantation, and the stifi' paste is 
dried on the drying-boards already fully described, the mass being stirred at 
intervals. Subsequent grinding or sifting of the dry talc is generally unne¬ 
cessary, the dried lumps crumbling to a very fine powder under the slightest 
pressu re. 

Properties and Use .—Asa mineral (soapstone) talc forms a white to greenish 
white, soft body of foliated or scaly structure. It is sometimes transparent 
in thin layers and of nacreous lustre, so as to be often confounded with mica, 
from whicli, however, it differs by its inferior transparency and elasticity, 
as also by a soft, greasy feeling. When ground it forms an imjialpable, soft 
})owder of a grcenisli white tinge. It shares, though in a much smaller 
degree, the property of clay for fixing basic coal tar colours without any 
precipitating agent, but is not used for this purpose, the resulting lakes 
being very deficient in brightness and covering power. 

Talc is used for polishing marble and gypsum articles, for manufacturing 
tailor’s chalk, pastel colours, face powder, ic. 





Aluminium Silicates (ff7aie Clatfy China Clay, While Bole, Porcelain 
Earth, Kaolin, Pipeclay) 

Alumina forms with silica (alone or in association with other metallic 
oxides) various compounds which play an important part in Nature. The 
various kinds of clay are produced by gradual decomposition oifehpar, which 
with quartz and mica forms an important component of granitic, gneissic, or 
porphyritic rocks. In the weathering of potash felspar {prthoclase, K,AljSinO,g) 
potassium silicate is for the most part dissolved by the water and removed, a 
smaller })ortion, liowever, being decomposed by carbonic acid, with liberation 
of silica, while the potassium carbonate is dissolved by water; aluminium 
silicate is left, which, with the silica, forms a solid residue. The gradual 
decomposition of all felspathic rocks takes place in this way, the clay 
becoming mixed with sand, lime, and other substances, loam (coloured 
yellow by iron) being formed. When the residual clays are found on their 
original site they are termed primary clay. If, however, these bodies have 
been transported and changed by the influence of water (the coarse, heavier 
foreign admixtures being extracted, and the true clay left in a more con¬ 
centrated and finely divided stale), the product is known as a secondary clay. 
This kind generally forms dense plastic masses when mixed with water. 

'File primary clays can be regarded as mixtures of quartz, undecomposed 
felspar residue, and true clay. They vary greatly in character with regard 
to appearance, shade, and other properties, which difference can be easily 
explained by tiie variation in the proportion of tlie principal components— 
silica and alumina—a good deal also depending on the admixtures present. 
These in the poorer clays are chiefly san<l, magnesium and calcium 
cai'bonate, barium compounds, iron oxide, sulphur compounds, and organic 
residues. The s.andy impurities are partly true quartz sandstone, or silica, 
soluble in caustic potash, and partly fragments of undecomposed minerals. 

Tile purest clay, porcelain earth, or kaolin (china clay), is formed by the 
weathering of very pure felspar, and is chiefly found in secondary deposits. 
The best known are at Halle and Meissen, near Aschaff’enburg, in Bavaria, 
in some parts of the Palatinate, Hungary, Moravia, France, and England 
(Devonshire). 

Clays capable of giving a stiff paste with water are calledor plastic clays. 
They consist exclusively of mixtures of pure aluminium silicate and silica. 
The presence of foreign bodies, esjiecially lime and sand, amorphous earths, 
&c., reduces the plasticity of the clay more or less, according to the quantity 
of the admixtures; thiskind is called wcagcrc/rty(non-plastic). Marls&re clays 
rich in calcium carbonate. Most primary clays are non-plastic, but can be 
rendered plastic by eliminating the impurities by a suitable levigating process. 

'I'he preparation of the various kinds of clay differs according to their 
nature. Fhe mostly non-plastic clays used for colour-making are prepared 
by a single (rarely repeated) dry grinding in stone mills, or even in edge- 
runners, to a suitable while jwwder, needing no further sifting, which 
would be very diflicult. The preparation of china clay consists in a more or 
less careful lcvigation,but as it belongs more to the pottery industry it need 
not be gone into here. 

In view of the special properties and the abundant quantities of native 



; ■ 'days, a special preparation for colour-makinji^ is rarely needed, it being easy 
to get clays so pure that a simple stirring up with water and then sitting 
the pulp through a fine sieve (to remove saml, small stones. iVe.) is (piite 
snffieient for oolour-nianufueturing purposes. 

Vropvrties and L.se .—With regard to the practical use for colours, the 
shade and to a certain degree the plasticity (eapaeity of binding) of clay form 
the decisive factors. 

Pure clay is wliite, other shades being the result of certain definite 
impurities, chiefly ferric oxide, ferrous oxide, and more particularly organic 
matter. Coloured clays, of course, are only suitable for certain purposes; 
but the manufacture of very light and bright colours require-s a pure 
white clay, or one only slightly tinted yellow, green, or bluish grey, 
whilst the darker kinds are suitable for manufacturing dark pigmenls. 
Plastic clays are not often used for colours, on account of the trouble 
they give in working, whether in the wet or dry state. As alreatly 
mentioned, non-plastic clays are generally jneferred, the more so because 
they usually furnish much purer and brighter shailes. Moreover, the capacity 
of fixing basic coal-tar colours—the chief point in question - is usually no 
greater than is possessed by the non-plastic clays. 

Apart from possibly pure whiteness, a clay suitable for colour purposes 
must be capable of rapid dispersive suspension in water. Tlie non-plasticr 
paste, after being coloured with organic colouring matters, must be easy 
to wash, filter, press, and grind. After drying the lumps must be of a 
rather soft nature, whereby much trouble on grinding is avoided. The 
jiumberless varieties of marl are very largely used for colour purposes, orj 
account of their possession of these qualities. These bodies arc found in so 
many places that nearly every colour-maker has an available supply, and as 
the nomenclature is generally local* it is quite impossible to give particulars 
about the character and properties of all. Colour-makers must form their 
own opinion of the raw material offered them by means of tests. 

Powdered clay, such as china clay, white bole, &c., is now rarely added 
to dry pigmetits, for reasons connected with their jn’operties—e.g., the 
difficulty experienced in distributing the clay, tliis entailing severe grinding 
to obtain uniformity of shade in the dry mixture, an operation that of 
course dims the brilliancy; also the greasy nature of the clay, slight 
degrees of which are readily <letected if the dry mixture is spread out. 
The chief reason, however, is that clays do not dry, or only very slowly, 
when ground with oil—a defect imparted in a very considerable degree to 
all mineral colours that are mixed with clay. 

An addition of clay, however, is advantageous to all mineral and lake 
pigments intended solely for distemper paints or washes - e.g., in Ilje wall 
and fancy paper industries, paints for toys, &c.—since the covering and 
printing properties are considerably improved, and the easy C(pialising of 
the colour much facilitated. 'I’he kind of clays used, however, must be 
most carefully selected, many of the plastic clays (esj)ecially china clay) not 
always being suitable for this purpose. 

An imjiortant matter is the content of ferric hydroxide or ferric oxide 
either mechanically mixed or chemically combined, in various kinds of clay 
If such a clay contains much ferric hydroxide it is yellow-coloured, and 
• The so-called “ Walkcrde," &c., of the German colour trade. 
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belongs then to the important class of argillaceous ochres. If the iron, how¬ 
ever, be admixed as an oxide, tl>e substances have a reddish to deep red 
tint, and are then called red hole or ruddle. This is found, like ochre, in 
considerable quantities. 

These clays, which are largely used for painter’s colours, will be fully 
described in connection with the yellow and red earth colours later on. 

Pure clay is white in tone, mostly of low specific gravity, soft, pulverulent, 
and unctuous to the touch. When breathed on it emits the so-called clayey 
smell. With water it forms a paste of varying thickness, which shrinks in 
drying, sometimes into hard lumps, which are difficult to break. When 
cautiously heated to redness pure clay j)arts with its water, shrinks, and 
forms a hard, porous mass, burnt chti. Hydrochloric acid and nitric acid 
have no action on pure clay, but it is decomposed by sulphuric acid, assisted 
by heat, and by boiling or calcining with caustic alkalies. Heated to very high 
temperature ])y itself, pure clay softens, but does not melt. 

The uses of the various kinds of clay are well known. The purest and 
whitest variety, china clay, serves as a material for porcelain manufacture. 
The less pure kinds are used for making stoneware, faience, and ordinary 
earthenware. 


II.-YELLOW EARTH COLOURS 
THE NATIVE COMPOUNDS OP IRON 
Ochre (Yellow Earth, Chamois, Chinese Yellow, 

Ochres vary greatly in form and composition, and occur native in very 
large (juantities. Tliey may generally be regarded as decomposition pro¬ 
ducts of tile various kinds of ferruginous felspar and similar minerals. 
Many ochres must be considered clays, on account of their high content of 
aluminium silicate, and among them those containing much lime, especially 
the various kinds of marl. The colour varies from a pure yellow to dull 
orange and hrownisli red, according to the content of iron oxides. These 
may occur as hydroxide alone, or mixed witli variable quantities of ferric 
oxide, ferro ferric oxide, manganese oxide, or basic ferrous sulphate. If 
there is also a more or less considerable quantity of calcium carbonate and 
organic bodies, or both together, a number of greatly varying intermediate 
shades are obUined. The shade of pure oclires, which, of course, alone can 
be used for colouronaking, depends, therefore, on the content of ferric 
oxide and hydroxide, and therefore two classes of ochres can be dis¬ 
tinguished : 

1. Yellow ochres, mixtures of clay or calcium carbonate with ferric 
hydroxide. 

2. Red ochres, containing, in addition to tliese components, varying 
quantities of red ferric oxide. 


1. Yellow Ochre 

Occurrence .—Yellow ochres occur of various colours and degrees of. purity, 
as deposits in cavities in stratified rocks in many localities, chiefly at Ocker, 
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nearOoslar, Klbinajerode, Tilkero<le, .Jena, Rauslmch. in the WestorwaJd dis¬ 
trict, near Wunsiedel, Siegen,Hnd in France. Also in Thuringia, near Saaifeld, 
Orossbreitenbach, Koenigsee,A'c., yellow oclires, sometimes of great brilliancy, 
are found. In fact, ochres of a more or less bright appearance occur in 
nearly all countries, and are won from their deposits by mining or digging. 

Properliex. —Yellow ochres nieet uith the largest sale of any, and are 
known under various names. The purer and specially bright kinds are some¬ 
times called oxide pe/htr, golden ochre, sotinohre, A'C., those of a greenish tint 
being sometimes termed hronze ochre, bronze hnnvn, tS:e. As already mentioned, 
the yellow tone is the eonsecpienee of a varying content of ferric hydroxide, 
and is purer in inverse ratio to the amount of other hydroxides, especially 
brown manganese hydroxide. The larger the content of pure ferric hydroxide 
the brighter and .stronger the tone, and at the same time other pro* 
perlie.s, such as c(jvering |>ower, .s<>ftness, IkQ., are coirsiderably increased 
in intensity. The already mentioned manganese hytlioxide, wliici) is always 
found with iron compounds, has very little inHuence if pre.seut only in small 
quantity, hut if more abinulant turns the colour to a more brow’uish shade 
on account of its own brown colour, the value of the product being consider- 
ably reduced. The brownish kimls are more suitable than the pure yellow 
ochres for manufacturing the popular olive-green shades, by mixing the 
ochres with yellow or green artificial mineral colours, though their use 
for tins purpose is small relatively to their native abundance. An excessive 
proportion of ferric hydroxi<le is .sometimes indicated by a deculed browniiess 
of tone; btit the commercial value of the product is not affected, since this 
kind of earth colour can ca.sily be utilised for colour purposes. With suitable 
wliite suhstances, like barytes, chalk, artificial barytes, lilliopone, \c., or ot 
yellow mineral colours (chromes, ttc.), pretty shades can he obtained. The 
covering power of these mixed pigments is generally not unduly lowered by 
ingredients of inferior covering power like barytes or chalk, the ochres rich 
in ferric hydroxide having in general a greater covering power than the pure 
yellow ochres. 

On account of their content of clay, nearly all oclires are difficult to mix 
with other pigments in the dry state, especially when the ochre is specifically 
lighter and forms the greater j)art (»f the mixture. In the trade, however, 
various brands of mixt d ochres are met with, the best known being the so- 
called chrome ochres, distinguished by their very bright colour, high covering 
j)ower, and better drying properties than the ordinary yellow ochres. As 
already indicated by their name, chrome ochres consist principally of a mix¬ 
ture of pure ochre with suitable .shades of cliroine. J'hey are put on the 
market in shades ranging from nearly pure bright yellow to the deepest 
brownish-orange tint, and are prepared by grinding pure ochre witli cliemU 
cally pure or baryted chromes ui definite proportions, first in edge-runners 
and afterwards in mills.^ Sulpliur-, lemon-, or orange-shaded chromes can be 
used, according to the desired shade of the mixed colour; but it may be 
mentioned that with most brands of ochres chemically pure chromes are , 
more difficult to mix than those contoining barytes. 

An imi>ortant property of all brands of oclire is their changeability 
at high temperature. As already mentioned in describing the calcining 

* Experience proves limt the riireet precipitation of U-nil chromate upon a base of 
ochre in the form of a thin milk gives brighter shades. [Thanblatou ] 
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process, the colouring principle—viz., ferric hydroxide—is decomposed 
when heated to redness, parting with its water of hydration and changing 
into red ferric oxide. Since other components—chiefly aluminium silicate 
and calcium carbonate—are also modified by the heat, an entire change 
of tlic original ochre is produced, the specific gravity and covering 
power being also considerably lieightened. Tlje chemical and physical 
processes which take place in calcining ochres have been fully described 
when dealing with the chemical treatment of earth colours. Something may, 
however, be said about the change in external appearance. 

Though in the calcining process the greater part of the organic bodies, 
always present in impure (viz., clayey) ochres and the cause of their 
greenish tinge, are oxidised, the burnt ochres are never of a pure red 
colour, but are always more or less brown. As already explained, this 
coloration is due to the presence of manganese hydroxide, but is less 
perceptible in tlie crude ochre. By the heating process, however, the brownish 
manganese liydroxide is changed into the more decided red-brown manganese 
oxide. Tlie bnghinens of the shade after the heating process depejids exclu¬ 
sively on the composition, and cannot be regulated either hy the duration of 
the process or by the temperature applied—a fact explained by the nature 
of the calcination ))roducts, viz., chiefly ferric oxide, which above a certain 
temperature is no longer subject to change. As a rule, bright yellow ochres 
acquire when calcined a relatively deeper reddish tone, and reciprocally the 
less bright kinds furnish corres])ondingly duller reds. The only advantage 
of an addition of common salt, as sometimes recommended in the heating 
process, is—if of any practical value at all—to regulate the temperature. 
Some kinds of ochre become greatly discoloured (grey-brown) when over¬ 
heated for a considerable time, especially those containing much calcium 
carbonate. These kinds, however, never furnish agreeable reddish shades 
even with the greatest care, and should therefore not be used for calcining. 

Apart from the shade, the covenng power and the specific gravity of most 
kinds of ochre are changed to a considerable degree by calcination. Whilst 
the covering power is generally considerably raised, the volume of the heated 
product is reduced and the density increased, the one being generally a 
natural consequence of the other, or vice ver,sd. This behaviour, however, 
varies with the kind of ochre, and an exception is afforded hy ochres rich in 
clay, the volume diminishing considerably without there being any appre¬ 
ciable increase in the covering power. The reason for this is to be sought in 
the shrinkage of clay at high temperatures, a change that is very seldom 
combined with any noteworthy rise of covering power (with oil). Hence 
only ochres mainly consisting of pure ferric hydroxide or rich in organic 
matter will shrink when heated, and at the same time will exhibit a con¬ 
siderably improved covering power, due to the resulting ferric oxide. 

For these reasons no distinct rules and directions can be given for the, 
choice of ochres suitable for being heated, and even a thorough knowledge 
and experience of the trade will be insufficient so long as the character of 
the ochre in question has not been proved by suitable trials. 

The drtjing properly in varnish is also considerably improved by calcina¬ 
tion. This fact is based upon the peculiar properties of the clay, the loss of 
the water of hydration, and the destruction of the organic bodies, or, in 
other words, upon the considerably harder nature of the calcined product, 
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whereby for paints a iniicli smaller quantity of varnish is roijuired. Some* 
timeSj however, varnish paints from burnt ochres dry very slowly, and are 
easily and entirely washed away by rain in the open air. This serious 
defect is mostly shown by ochres which contain (in the ernde state) n»n- 
siderabie quantities of caleium carbonate. In the ealeinin;r process the 
carbonate is convcrte<I into quicklime, which forms a soUd>le soap with 
the varnish, whereby the thin coating is quickly deconipose<l. (Of course, 
the quicklime could be reconverted into oalcinm carbonate by prolonged 
standing.) 

'2. Jti’il Ochrx 

Occiirrenceaful Propertm. —C oinparcd witl» the yellow ochres, llie red kinds 
arc of sulMmiinate ini|>ortancc. With regard to shatle, they <'ome between 
the yellow ferric hydroxides and tlie pun* ferric oxide cohmrs and they eaii 
be prepared, as already menlioned, by calcining the first-named, though 
in this case they are, of course, much dearer than those oblainetl frcjin 
natural deposits. For this reason the native red ochres are preferred to tlie 
artificial kinds for cheap paints. 

Red ochres of rather inferior quality occur in nnuleratc quant ilies in a great 
many places. (too<l kinds are found in tlui Rolen Herg (red mountain), near 
Saalfeld, in Hesse-Nassau, Roheinia, England, France, &c., always as tough 
(often clayey) masses of low tenacity and earthy fracture. 

With regard to their general properties, they differ but very little from 
the yellow or brownish ochres~in fact, merely in point of shade, the tone 
being a dull v<'llowish or brownish red of .small intensity, according to their 
composititm. 'I'heir reddish tinge, as alrea<ly explained, is based upon the 
very varying content of ferric oxide, mostly accompanied by considerable 
quantities ot clay ami calcium carbonate, with a small content of iron 
and manganese hydroxides. Red oclires .are therefore cliangcd very little 
by calcination, only the alumina being influenced, ap.art from the conversion 
of ferric hydroxide into oxide. Hence no improvement of tone or any other 
property can be expected from calcination of this kind of ochres. With few 
exceptions, therefore, the natuial red ochr<“.s need no other j»reparation 
afttT ealcinaliou. 'I hey are only groinul after ealcinatioii, and sehhuu 
levigated. Red ochres are put on tlie m.arkel under various names, according 
to origin, oeeurreiiee, or tone. Paints made with red (•elircs generally dry 
slowly, l)ut are mostly durable. The n.itural real ochres are only used for 
wall-paper making an<i other industries on :i small .scale, at least ns true 
colours, but more exlensivtrly for shading and mixing purposes, together with 
other ochres and red ferric? oxide colours. 

SiaiiuM (Tifira <Ii Siena, Jfa/ian Earth, Terre Omhre, Mahofian^ 

Hrotvn, Vashete J.ake) 

Under these names a number of earthy colours belonging to the ochres 
both as regards composition and appearance are put on the market. Siennas 
are mostly found in the Harz and in Tuscany. I'liey are dug out r>f the 
earth in the form of dark brown to yellowish brown, sometimes very hard 
lumps, with lustrous conchoidal fnicture, and furnish a bright yellow to 
brownish yellow powder on grinding. The tone of this powder is much 
brighter and fuller than any other oclire, and affords an easy means of 
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recoifnition. Sienna is the purest native form of ferric hydroxide 
known, and is very similar in composition and apj)earance to the artificial 
product. A large proportion of clay is seldom present, though impurities, 
such as sand, (piartz, and organic matter, are found. 

On account of their composition, siennas are greatly changed hy calcina¬ 
tion both in form and (chiefly) colour, the latter becoming brown, reddish, 
orange to dark red, according to their purity. Gentele found in many brands 
considerable (piantities of sulphuric acid, besides ferric hydroxide. The 
varying changes of lone are perhaps due to this fact, the calcination pro¬ 
ducts of the sulphuric acid probably inducing the formation of differenlly 
coloured stages of oxidation of ferric oxide. 

Whilst the other raw ochres are of medium covering power, which is 
consideral)ly improved hy calcination, siennas have hut a low covering power 
in either condition, approximating more to the transparent or glaze colours, 
and, in fact, arc exclusively used as such. 'J'heir properly of darkening 
considerably when ground in varnish is also shared by the mixtures into 
which they enter. Raw sienna requires about one-third of its own w-eight 
of varnish to make a paint of ordinary consistence, but less when calcined 
(alxnit '2!> per cent). The paints dry slowly when laid on thickly, but more 
quickly as thin coatings. (Iround sienna is largely used for litho- and 
typographic printing, and as an artist’s colour, either alone or mixed with 
organic lake pigments, the sienna serving as a base, on which the organic 
colouring matters arc precipitated from the solution. A lake of this kind 
is the mahogamj lake (cashew lake), well known in lithographic and letter- 
press printing. This lake, as well as raw and burnt sienna, is put on the 
market in cubes, drops, corrugated tablets, and as a powder. 

The preiuiratum of ochres differs according to their physical character. 
Many kind?, for instance, occur in sucl^ a ])urc state that when dried a simple 
grinding under edge-runners or in aball mill, &c., isquite sufficient to furnish 
a fine, usable powder. Soine, however, arc of such a clayey nature that 
grinding is quite impossible, even in the absence of sand or other bodies. 
'I'lic only way to grind these to a sufficiently fine powder is in admixture 
with others of a less clayey nature. Most raw ochres, however, arc levigated 
in the usual manner near the place of their deposit, and sold for colour- 
manufacturing purposes in the shape of soft lumps. 

A good idea of the levigation of native ochre as practised near Saalfeld, 
in Thuringia, is given below, the parti(Milars being taken from an article in 
the Detilsche Jiidustriezeitmig (ISTfl, p. 

'J'he crude earth, freed from all non-colouring elements, is left for a 
certain time in the open air, especially during winter, for the purpose ot 
simj)lifying the generally difficult process of comminution. Sometimes the 
earth has to be exposed for several years before it can be subjected to 
purely mechanical treatment (according to the degree of hardness) in the 
works. The refractory portions (a small percentage of the whole) are treated 
in a stamping mill, levigated by a continual stream of water, and allowed to 
settle, or else the coarsely crushed earth is ground in wet mills and after¬ 
wards levigated. The bulk of the earth colours, however, is levigated 
without any preparatory treatment. 

The levigation is effected in a cylinder ()0 ins. high and .‘JO to lO ins. 
in diameter, in the centre of which is a rotary iron shaR provuled with arras 
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and teeth, that stir the ch/irjre of colour and water at the rate of 25 to 30 
revolutions per minute. The thin sludge runs away throiigli a pipe at the 
side, and the coarse sediment is removed through an opening as near the 
bottom as possible. The usual settling devices are employed. 'I'he drying 
of the sludge is a dillieult operation, the amount of water being about the 
same as that of the dry suhstanee even after standing for some days, and 
still more in the case of very <*layey ochres. iMltm* presses are generally 
used for treating the kinds that settle very slowly, eentrifugal separators 
being seldom used owing to their low capacity. I he fairly stiff drained 
paste is laid on drying-hoards about f ft. in length and 10 ins. broad (Fig. 
30), and is dried on racks in the open air. A colour w’orks of medium size 
producing about 2.">0 tons of levigated oehre recpiires alnmt Oo to 70 racks, 
each carrying 100 drying-hoards. The dried, irregularly formed lumps rarely 
suit the re<juirements <)f eustomers, llie moist powder form being in greater 
retjuest; and since in this state the material looks better and is easier to 
pack, besides mixing better with lighter or darker brands, the interests of 
the maniifaeturer and consumer are identical. Fdge-ruimers, as well as 
ordinary mills, are used for grinding the levigateil ochres, hut for grading 
and sifting the maeliines sliown in Fig. ()3 are employed. With the aid of a 
continuous elevator these machines will sift I to 2 tons of dry material 
daily, according to the character of tlic goods. 


Besides the abovi’: described ochres thert* are otlier ovhrv like colours in 
the trade, which may he called s/iu{<rc ochres, being by-products of alum and 
vitriol manufacture, and not true earth e<dours hi tlie proper .sense of the 
word. The so-called ahim sluilge is the sediment ol)laiiied in most alum 
works oil evaporating the crude lyes. It takes the form of a crystalline, 
granular, vellow precipitate, very similar in C(unpo.siti<m to the luisie ferric 
suljihate thrown down by ferrous sulphate solution on prolonged standing 
ill the air (see l*art ill., Iron ('ompotiiids). 'I'he sediment from crude 
alum liipior, Iiowcver, is geiier-ally contaminated with a considerable quantity 
of gypsum, thrown down concurrently during the concentration of tlie iicpior. 
When calcined, dried alum sludge loses first the eliemically eimihined water, 
becomes dark red in colour, and afterwards parts with all the sulphuric acid 
present, the residue consisting of red ferric oxide. 

The .so-called miriol ochre is obtained as a bright yellow-coloured sediment 
or precipitate by lixiviating the spent iron pyrites used in iiianiifaeturing 
ferrous sulphate in large tanks; and it is also formed in considerable (piaiitities 
in the liquors collecting in the workings and old galleries in pyrites mines. 
These yellow sludgy precipitates are very similar to ochres, but on account 
of their want of covering power Iiave to be put through a suitable treatment, 
in the crude state they contain, in addition to ferric hydroxide, considerable 
quantities (up to li) per cent.) of sulphuric acid, and are therefore of about 
the same composition as raw .siennas. On calcination they are converted 
into ferric oxide, more than one-third of the weight being lost in the 
process. 

In localities where these ochres are very abundant they are stirred up 
with water and led into special suitable [)its, the watergradually soaking into 
the earth, and the ochre left behind as a stiff* paste. 
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in.-KED EARTH COLOURS 

Resides the natural vermilion, now entirely displaced by the artificial 
product, the number of native red minerals suitable for pigments, and there¬ 
fore red earth colours in the proper sense of the word, is very small, being 
confined to the red clays containing more or less ferric oxide, the sole type ‘ 
of wliich is the so-called purple red, Vmelian or Indian red, bole, oxide red, 
raddle or red chalk. Red iron-slone, an iron ore of a blood-red colour, cannot 
be considered a true pigment, as it possesses no advantages in comparison 
with the much cheaper and easily obtainable artificial red iron pigments. 
The same remark applies to nwe, which is much more easily ground 

to a fine powder, but in this state has a peculiar unctuous violet lustre 
j)rejudicial to its practical application. 

Tl)e red natural mineral colours, which are therefore exclusively ferric 
oxide compounds of varying purity, can be classifietl into: 

(//) Ueady-formed natural pignients—Indian red (bole), or raddle; and 

(b) Pigments obtained by the chemical treatment of natural iron ores— 
iron minium (Knglisli red, oxide red, caput mortuum, &c.). 

a. Indian Red {Role, Purple or Venetian Red, Raddle, Red Chalk) 

The ordinary Indian red, bole or raddle, is a clay containing a large 
quantity of ferric oxide, and therefore of a light to dark red tone. It is 
found in layers and de})osits of considerable magnitude, especially in the 
“Banter” sandstone, and to a smaller extent in the lias. 'Phe best- 
known deposits of Indian red are near Wunsiedel, in Bavaria, Striegau 
(Silesia), Seheibenberg (Saxony), near Gottingen, on the Rhine, near 
Carlsbad, &c. The so-called Annetiian bole, or Lemnos earth, is fouiul as more 
or less hard, tough, brown-red masses of greasy lustre in Armenia, Lemnos, 
Malta, Hungary, Saxony, Silesia, &c. 'J'he principal impurity consists of 
variable quantities of sand or large quartz fragments, more rarely organic 
matter or differently coloured clays. 

Besides its colour, Indian red has all the jwoperties of ordinary clay: it 
forms with water a plastic paste, it becomes much harder, without changing 
colour, on calcination, but with loss of the mechanically or chemically fixed 
water, and is then in a less suitable condition for being treated with 
water, iS:c. 

On account of its ready distribution in water it can be freed from 
mechanical impurities without any difficulty by levigation, thougii this h 
seldom done. It is generally put on the market after a simple drying in the 
same sha])e as it is found, sometimes in ntasscs weighing over u hundred 
weight. It is chiefiy used as a water colour for painting walls and wood; wher 
mixed with white substances (lime, gypsum, &c.) it gives pretty pink shade: 
(peach-blussum red). Bright brick red to dark red, especially pure kinds, ar( 
used for manufacturing red pencils, or when sawn into suitable j)ieces aw 
used for writing (red chalk, raddle). Crude Indian red cannot be used as an oi 
colour, but in tlie calcined state it forms a mass wliich, under the name stom 
red, is sometimes used for vaniish paints. 
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/>. Forric Oxide Colours Obtained by Calcination 

The red ferric oxide colours described under this luvidiiig «re partly 
metallurgical products or are obtained from the chemical industry, mostly ns 
by-products. In part they are also specially manufactured in <'olour works 
by the calcination of certain widely distributed and abundant natural iron 
ores. The iron ores mostly Jised for this purjmse are: 

1. Red luvmatite, Fe^Oj, acrude earthy variety of native ferric oxide, is fouiul 

in lodes and beds in primary rocks, and is known by various names, according 
to its physical character (iro7i. ochre, hhod-stone, iron-stone, In admix¬ 

ture with silica it forms the no axWed chty-iroit stone, with lime compounds 
minelte. Iron glwu'c is crystallisecl ferric oxide. All red iron or<*s have a 
more or less characteristic red tone, and are nearly all suitable for colour¬ 
making. 

2. Litnonile, bog ore, ttc.,are ibund in brown or black pasty or bulbous 
nodules or cakes in the alluvium of the North Oerinau plain, in Bavaria, &c. 
It consists principally of ferric hydroxide and ferrous hydroxide, with varying 
quantities of manganese oxide, j)hosphori<.* acid, organic bodies, sand, &c. 

.S. Brown hannatite, to I I^Fc/)^, is formed by the action of air 

and water containing cari)onic acid on spathic iron ore or ferrous carbonate, 

FeCO^. 

Iron Red {Oxide Red, Iron Minium, lusenmcmnge) 

The pigments found in the trade under this name contain 82 to 88 per 
cent, of pure ferric oxide, and arc obtained from one of the f(>rcgoing iron 
ores by sorting out the most suitable pieces, and strongly calcining them in a 
reverberatory furnace very similar to that dcscrilu'd under the heading deal¬ 
ing with the chcnjical treatment of the earth cedours, until the water of 
hydration is expelled and the cooled ore has ae(juired a hluish-red tinge. 
The temj)erature and durati(m of the process depend on the nature and 
composition of the ore, and must l»e ascertained beforehand by experiment. 
As a rule, the very hard, dense ores rccpiire a higher lejn])eratmv and longer 
calcination than soft limonile, for instance, to expel llie water of hydration. 
The shape and size of the lumps to he calcined also have a not unimportant 
iiiHuence. 

The eifect of calcination differs according to the physical character of the 
ore. Whereas sometimes an ore will retain its strengih and structure, 
only the sliade and specific gravity being changed, at anollu r time the same 
ore will l)ec<Hne more |K)r(ms and softer, so as to fall to powder, or at least 
change to a condition considerably facilitating comminution. Others, again, 
that are naturally softer, like bog iron ore, bec<une hard and dry, sometimes 
vitreous, and therefore difficult to grind. Hence no distinct rules with 
regard to tlie regulation of the calcining i>roccss can be given, and it is 
therefore easy to understaiHl that one ami the same ore cannot always be 
treated in exactly the same. way. The further treatment of tlie calcined 
products depends, of course, on tlieir character, due to the foregoing calcin¬ 
ing process, but as a rule the good products are immediately separated from 
the inferior ones, and each class is further treated by itself. 

Whilst the softer jiroducts can be ground direct, one or more times, in 
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ordinary mills (witli French stones), the harder and hardest materials must 
be first treated in edge-runners, stanij) mills, or other similar machines, and 
afterwards thoroughly levigated. For this purpose a stamp mill with leviga- 
tioii plant or wet mills can be used, and the levigating process is exactly the 
same as that already repeatedly described. The very finely divided red mass 
obtained from the levigating tanks is generally placed, without any filtration, 
ini the form of a thick sludge, on the drying boards frecjuently mentioned 
(see Vlimmarinc), and dried until the water content has been reduced to 
to 3 per cent, at the utmost. In this state the lumps of ferric oxide are 
soft, easily rubbed to powder by the liaiid.s, and without any difiiculty readily 
ground in a pulveriser to a fine powder— the oxide red of the trade. 

In many works the reverse w'ay of manufacturing oxide red is adopted. 
The crude ore.s are first treated in edge'riinner.s, balance mills, pulverisers, 
ifec., according to their liardness, then levigated, and alter being dried arc 
calcined in iron cylinders. The result is the same in both methods, the only 
question being which is the cheaper. 

At present considerable quantities of iron reds from the spent j>yrites 
burnt ore ”) obtained, for instance, in great quantities in the manufacture 
of sulphuric acid, are met with in the trade. J^yiites, Fe.S„, when roasted in 
the air, is oxidised to ferric oxide and ga.seous sulphur dioxide: 

^FeSj + lU) Fe/)3'+ -tSO,. 

The gas is passed into leaden chambers, whilst the ferric oxide is left behind in 
irregular lump.s of varying hardness and weight, aii<l of bliiisli or l)rownish red 
colour, mixed witli small (juantities of pure red particles. 'I'licse iron residues 
were formerly w'asted, and tlierefore considerable (juantilies accumulated 
in the neighbourhood of sulphuric acid works. These heaps underwent a 
process of weathering, the atmosjdieric iiiHuences oxidising tlie highly com¬ 
plex compounds of iron and sul|)liur present, ferrous sulpliate being formed and 
grailually leached by the rain, leaving a j)ure and in part a very brightly red 
coloured ferric oxide beliind. Although only theouter layers w ere decoin)>osed 
in this way, this natural decomposition revealed new and extensive sources at 
the disposal of tlie colour-maker, and the method is to-day employed to 
some extent for manufacturing iron reds. At first an attempt was made to 
imitate the result of the natural decomposition process—viz., the removal of 
the sulpliur—b}’ repeated calcination in a rever[)eratory furnace, 'i’lie dull, 
dark, bluish or browiiisli fint of the spent pyrites was believe<l to be due to 
the presence of suljyhur, but neither the colour nor the pliysical character of 
the product was improved, even by the aid of powerful oxidising agents. 
The price of oxide red being now very low, the fresh or already w'asted spent 
pyrites is usually subjected to a mechanical treatment only, calcination being 
omitted. The mass is levigated, or more often ground in tlie dry state in 
edge •runners, balance mills, or pulverisers. In a few cases where it is thought 
that the raw material has not been properly burned it is calcined either before 
or after levigation. I'he liberation of large quantities of sulphur dioxide 
during calcination shows the correctness of the assumption. 

Properties and Use .—The oxide red of the trade is a fine, bluish red to 
brownish red powder of good covering power, and resistant to all external 
influences. A coating of oxide red paint is a perfect protection against rust, a 
property upon which is based the extensive use of this pigment for painting 
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ironwork. ()xi(lr rod is ontiroly froo iVum aoiil, and is rarely aduUorutod, 
owing to its low price, which of course furllicrs the extensive use as 
pignient. It is with great tliHiciilty soluhlc in nitric aohl and sulphuric 
acid, hut dissolves more readily in liydrochloric acid, though only after pro¬ 
longed boiling. Varnish paints made with oxide red dry slowly as a rule, 
but are very hard and preserve wood very well, especially when tar is added. 
Oxide red paint is very durable, lasting for many veais without sufl'ering any 
appreciable change. 

Oxide reds mix perfectly well with artilieial and natural mineral colours 
of similai appearance, the mixtures furnisliing a great numher of very agree¬ 
able and permanent paints. Usc<l alone as an oil colour, the red geiieralh' 
darkens a little in time. 

English Red from Artificial Sources {I^nfsxia,, Uni, Coh-olhar, 
f'i'ncHan Red, If alum Red) 

The red iron oxide colours ijrouglit into tlic trade uiider these names 
are at least e(pially imporlant with tlie above dcscrihcd oxide red. 'I'hcy 
vary in sinule irom tlie liglitt'st scarlet to tlie darkest bluish red, being 
then very similar to the oxide red alreadv mentioned. 

1 he chiet raw materials are or vitriol xliidge (vitriol ochre) and greeit 
vibwl (ferrous sulphate). 

The Manofudnre of Co/cot I/or from J/uin Sludge.—This is a l.y-produet of 
alum work.s, and considerable (piantities of iron oxide are obtained in this 
way. hor this purpose sludge deposited from the alum lujuors is prepared by 
a levigation process and then classified, 'i'his operation is generally done 
in the ordinary levigating tanks, provided with stirring aiTangenieiits, 

1 he eoars(! parts removed l)y tlie first levigation are added to iVesli 
portion.s or rejieatedly levigated until no more fine ])arli<’les settle down. 
The pasty sediment is then dried on boards until it feels damp, but will not 
smear when rubbed between the fingers. Fr<iin this prepared alum sludge 
colcothar is obtained by calcination in a luriwiec containing several muffles 
jilaced one above another. 'I he furnace gases jiass over the mass laid on 
the bottmn of the muffle, and calcine il, the gases then escaping 
along with the acid vapours tliroiigh an opening in the arch and into the 
chimney common to all the muffles. The main object of tlie calcining 
process is, of course, to obtain a uniformly burnt product. J'he muffles must 
therefore be made as sliort as possilile, since in long muffles the gases cool 
down too much as they get further away from the furnace, and the product 
in such a case is, of Citurse, unecjually coloured. J'Jiis defect is remetlied 
by the use of suitably constructed reverberatory furnaces, which are now 
often used for this purjiose. 'ihey are very similar to that shown in 
Fig. 7«‘l, except that the bed is quite level and that a large opening (mostly 
in direct connection with the ehimiiey by means of a Hue) is provided to 
enable the voluminous acid vapours to escape. 

The man//f(/durc of colcothar h/f calcmi/g vitriol sludge is performed in the 
way just described, and the construction of the furnaces is the same. 

After being levigated and dried, the alum mud, as well as the yellow-red 
sediment (vitriol sludge) formed by concentrating solutions of ferrous 
suljihate, are calcined in large iron pans until the water c)f hydration and l!)e 
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sulphuric acid are expelled. By this method, however, only the yellowish 
and not the pure red shades of colcothar are obtained, so that tlie method 
cannot be reconiinended. 

'I'he true so-called caput morluum is formed, as before mentioned (p. 334), 
as a by-product in the manufacture of Nordhausen (fuming) sulphuric acid, 
but is also obtained direct by calcining copperas (ferrous sulphate), the 
esca]>ing sulphur trioxide being passed in a suitable manner over metallic 
iron, thus producing a further quantity of copperas. If obtained in the 
manufacture of fuming sulphuric acid (p. 334), caput mortuum is differently 
coloured according to tlie heat to which it has been exposed. The product 
from the lower retorts of the furnace is always darker coloured than that 
from the upper retorts. Before proceeding to work it up into crude caput 
mortuum the furnace residue must therefore be sorted into at least two 
shades, vi/., light and dark. VVl>en a sudicieiit quantity is collected each 
kind is treated separately under heavy edge-runners, and afterwards ground 
to a fine powder in balance mills (with French stones). It is then re- 
caleincd with an addition of common salt, the temperature being cautiously 
regulated. I’lie treatment in this recalcination difi’ers according to the 
desired shade, while the (quantity of common salt used and tlie duration of 
the calcining process play a very important part. As a rule, tlie sliade of 
the calcined product is a darker blue-red (violet) the higher the tempem- 
tiire, the larger the quantity of common salt, and the greater the duration 
of the calcination. The yellowish shades of colcothar require an addition of 
2 per cent, of common salt and lieating for about an hour; medium, some¬ 
what brownisli kinds 4 per cent, of common salt and three to four hours’ 
heating; the deepest and more violet kinds, iiuwcver, need up to 6 per cent, 
of common salt and at least six to seven hours’ calcination, the speed at which 
tlie temperature rises being also an important matter. Again, the rate of 
cooling the calcined product, with or without admission of air, also naturally 
inHuences the shade of the colour. 

'Hie furnaces used for the recalcination of caput mortuum are very 
similar to those used for manufacturing fuming sulphuric acid. The calcining 
is done in long clay pipes, like the oil retorts, mounted in five rows, one 
above tlie other, twelve pipes in each row. The furnace gases impinge on 
the whole surface of these pipes, which are cliargcd and emptied from 
the outside. In this arrangement the temperature is rather difficult 
to regulate, the contents of the pipes nearest the furnace being fully 
calcined, while in the superior series the action has only just begun, 
'riic calcination therefore requires to be controlled during the whole 
process. Little has been ])ublished about the methods of manufactur¬ 
ing caput mortuum by the direct calcination of copperas, and the utilisa¬ 
tion of the rcsiilling sulphur trioxidc. 'J'he authors therefore do not 
know whether the.process described by Lm'/r and Sea! in the Chemiker- 
Zci/M«g(l879, Xo. 14, p. !()()) is actually in use or not. A short description is, 
however, appended. Copperas is calcined in a furnace heated by several 
fires (according to the .size), containing a certain number of flat clay pans 
for holding the copperas. In the roof of the furnace is placed a small 
chamber, which communicates with two iron pipes provided with throttle 
valves. One of these valves leads into the chimney, tlic other, however, into 
a second chamber lined with lead, and communicating by means of an iron 
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piRc with a chamber built (if fire brick, and t har^red to a depth of about 
40 ins. witli iron filings or otiicr scrap iron. Aliovc the chamber is a water 
tank, with a double perforated iMittom. An iron pijie leads from this 
chamber to the chimney. Wlien tlie furnace is charged the valve com¬ 
municating with the leaden chamber is opened as soon as the sulphuric 
acid begins to be decom|x)sed by the lieij^htened temperature, wliilst at 
the same time the jiipe leading into the cliiinncy is closed. The volatile 
decomposition pnxlucts enter the leaden chamber, filled with water to a 
depth of a few' inches to absorb the trioxide, whil.st sulphur dioxide passes into 
the chamber whieli is partly filled with iron filinj^s. liy the aid of a slowly trick¬ 
ling flow' of water, the sulphur dioxide combines with iron to form cojipcras, 
which collects in vessels on the bottom. '1‘ho other vapours, wliich cannot 
be utilfscd, escape into the chimney. As after the decomposition in the fur¬ 
nace is finished, the calcining has to be (‘ontinued, the valve leading into the 
leaden chamber is closed, and direct communication re e.slablishcd between 
the furnace and the chiumey, 'I’hc licpior in the leaden ehaniber is then 
concentrated in the ordinary way, and the crystallised copjieras used for 
fresh charges. 

The ferric oxide obtained by one of the methods described above is 
rarely used as pigment without some further treatment. It generally needs 
repeated grinding, and for some purposes must also be more or less 
carefully levigated. 

Properties and Use. —'I'lie iron oxide pigments grouped under the trade 
name of colcpthar vary considerably in shade, and are the cheajicst rc<l 
jwinter’s colours at present known. 'J'hey have a very high covering power, 
and unless they contain a certain quantity of acid, in consequence of carelcs.s 
treatment, are very permanent. Colcothar can be use<l for coating lime and 
cement, as well as mixed with these two materials in any desired proportion, 
without sufrering any change. varnish paints dry relatively quickly, are 
generally very hard, and .sometimes resist atmospheric jiifluences for many 
years. This, however, apjilies mostly to jiainting on wochI or non-mctallic 
objects, the sulphuric acid present in consequence of the method of manu¬ 
facture having, even in the smallest quantity, a corrosive action on metal and 
the vehicle, so that the paint perishes in a comparatively short time. Tor 
this reason the various brands of colcolhar cannot be recommended as anti¬ 
corrosive painl.s, since they facilitate rather than prevent the ibrmalion of 
rust. 

Colcothar is sparingly .MiJuhle in mineral acid.s, but only on boiling, though 
more readily so than iron red from iron ores. It can be mixed with artificial 
and natural mineral colours in any desired proportion, and is consc(pJcntly 
used ill very large quantities. Intentional adulterations are rare, and the 
presence of .sometimes considerable quantities of barytes, gypsum, and even 
chalk in many brands is generally accom|)anied by a corresponding njdnction 
in price. In addition to the manufacture of wall papers, colcothar, owing 
to its indifference toward alkalies, is also largely used lor weather-proof outdoor 
paints, and for paints witli or upon lime. 
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IV.-GEEEN EARTH COLOURS 

GREEN EARTH 

Bohemian or Veronese Earth (Tifn>k<ni (ircvn, Cypnau Om'/i, Schidm 
Green, Slone Greaiy 

TJie miiiernls called “^reen earth” in the colour trade occur native as 
augites, which vary considerably in composition and are widely <Iistrilmled. 
The true green carM, however, so long used as a green paiiit<*r’.s colour, occurs 
only in a few places in Central Enr(>pe. These colours can rarely, if ever, be 
taken as true green pigments, at least considered alone, their shade being 
mostly rather grey than green, and it is only wdien they are sprea<l over 
white earth colours, or, better, red ones, that they look distinctly greenish. 
Verona, Tyrolean, and Bohemian green earth, however, resemble a real green, 
especially with oil, the tone being bluish or yellowish, according to the purity 
of the product, but always of only low brilliancy and colouring power. I'hey 
are found in a specially bright and pure slate in Monte Baldo, near Verona, 
Cyjma, in Bohemia, and more or less impure in the Tyrol, in the Harz, at 
Zwickau (Saxony), on the Uhine, &c, mostly in thin beds and pockets, 
sometimes as a lining to amygdaloids. 

(rreen earth in tlie crude state forms a wet, clayey, tough to eartliy nias.s 
of very varying tone and purity. 'I'he pieces and lumps coming from 
the pits must therefore he stu'tcd aecortling to tlie deeper or lighter 
shade, and more particularly fVeed from adhering yellow ochreous sub¬ 
stances. This work is always performed in the pits. The purer and purest 
lumps are of a pale bluish-green .shade, with a strong greyish cast, and only 
become somewhat brighter after the subsecpient prejiaration. With regard 
to shade, Bohemian, Cyprian, and Verona cartlis arc tlie brightest, the first- 
named e.speclally being of a pure green tone, though Cyprian earth is rather 
yellowish green and V^eronese earth alway.s bluish green in colour. The 
Tyrolean brands mostly look duller than the above-named, but sometimes 
resemble the Veronese product. 

Green earth is now very seldom used as a true painter’s colour, the modern 
colour trade having blighter green pigments available, soiiie of them as 
permanent as green earth. In ailmixture with clay it is sometimes used as 
so-called xtone green, and with other materials, such as lime, chalk, barytes, 
gypsum, for weather-proof outdoor paints. In a very pure state green earth 
is somewhat used as a varnish colour, and also by artists. On the other 
hand, tlie native angitex are now very largely used as a base for the highly 
important lime colourx. Augite has the formula 

?n[(MgFe) 0 ,(AITc)j 03 ,Si 0 j] -i- ;/[(MgFe)0,CaO,3SiOj, 

m and n being variable proportions. It consists, therefore, of a magnesium 
aluminium oxide and ferrous silicate, and is therefore a kind of clay, the 
greenish tint being due to the ferrous oxide. The use of augites in modern lime 
colours is based on their capacity for fixing basic coal-tar colours to a certain 
extent without the aid of jirecipitants, and so firmly that the resulting colours 
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are quite proof against the alkaline action of quicklime. 'I'lie coal-tar colours ''''r 
mostly used for this purpose are anraniinc, hrilllant and malachite green, 
methyl violet, magenta, ttc.. which when used alone or in mixtures furnish, 
a rich collection of fairly permanent bright lime colours. The various hraiidsv; 
of augite, or so-called green earth, however, dilier in their properties when *: 
treated with coal-tar colour solutions, the quantity absorbed and shade 
produced varying with the. colour of the earth and the content of silica and 
other components present, 

Both the augites and true green earth are usually prepared by dry grind¬ 
ing in the usual way, more rarely (and only for finer brands) by levigation. 

In the first case, the dried raw |)roducts from the pits being generally rather 
soft, a simple grinding in ordin.iry mills (even ]iulveriscr.s for specially fine 
brands) is mostly quite suftieient. If the raw material, however, be hard or 
very lumpy a preliminary rough grinding under edge-runners is necessary. 

Ground green earth is a light, im]i.'dpable (rarely coarse) powder, unc¬ 
tuous to the touch, and more or less glossy when sprea<l out by the aid of a 
palette knife, 

Colcinf'd green eitrlh was at one time largely used as a painter s colour. 

It is obtained by the calcination of the r.iw earth as a thill brownish red 
powder, but is now rarely em]iloyed. 


Mountain green, the makchite of the mineralogist, b.asie eop|)er carbonate, 
also belongs to the natural green mineral colours. Being, however, rarely 
used as a painter’s colour, it will bo only briefly mentioned here. Mountain 
green, or ground earthy malachite, is found in beds and lodes especially in 
Rhenish Prussia, Nassau, the Harz,'I'huringia, Silesia,'I'yrol, Hungary, Sp.ain, 
England, Sweden, Norway, Aimu-ica, Ac,, in various shades and degrees ot 
purity. The best kinds o’lme from Hungary and Silesia, and tire prepared by 
repeated grinding in wet mills, or, if jiossibic, are ground dry in ordinary mills 
to a fine, more or less bright blue-green powder of low covering power. It 
cannot resist atmospheric influences. In Russia it is still sometimes u.scd for 
painting iron roofs, and very pure kinds arc occasionally employed as oil coloura 
in simple ctises. Pure nalive malachite has the formula Cu^t.O,-1-11,0. 


V.-BEOWN EARTH COLOURS 

a. Umber, Chestnut Brown (Bund Vtuber, I'eleet Hromi) 

True umber is really brown ochre,but gradually the name has been extended 
by merchants and manufacturers to similarly coloured Itodies which approxi¬ 
mate physically to lignite, or are identical with that substance, and the term 
“ umber,” therefore, is now a very comprehensive one. Originally it was 
applied toasubstance formed bytiie decomposition of manganiferous iron ores, 
and very similar to ochre in chemical composition. It is light reddish brown 
to greenish brown in the crude state or levigated, but bright brown-red to 
very dark brown when calcined, and with about the same covering power as 
ochre—properties not possessed by the lignite products except in a very 
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slight degree. In the following pages the various falsely-named kinds of 
umber must therefore he separately treated under a special heading (see 
^^Cassel Brown ”). 

Umber is found in nearly all countries throughout the world, in Germany 
in a specially pure slate near Sualfeld, Kdnitz, Camsdorf, &c., and less pure 
and bright on the Rhine, in the Harz, Bavana, Elsass, and other places. 
Specially good (jualities are also obtained from Sicily, Cyprus, Asia Minor, 
the Netherlands, ^c. 

'riie formation of umber in the brown haematite and spathic iron ore mines 
of Thuringia, where iron ores rich in manganese are found, is probably due to 
the decomposition of tiie buematite ore by water charged with air. The result¬ 
ing <lecomposition products, of low specific gravity, have been washed away by 
the water and deposited in rock fissures. Ferrous and manganous carbonates 
may be supposed to have been changed, with absorption of water, to ferric 
hydroxide and manganese hydroxide, the latter at the wime time being 
partly oxidised to manganese dioxide, which causes the dark colour, the 
deptii of which increases with the proportion of the manganese dioxide. 
The decomposition products are mined, and form more or Jess dense 
earthy masses, winch, after being dried, are ground direct, or, if they contain 
a considerable quantity of sand, quartz fragments, &c., are levigated. In 
the former case edge-runners, as well as balance mills, ball mills, and pul¬ 
verisers, can be used, care, liowever, being taken to avoid sifting the product, 
owing to the difliculty of that operation. If levigation be necessary it is 
performed in the usual way. 'I’he various raw products, however, differ in 
their behaviour under levigation some settling down quickly, whilst others 
take a very long time, though of about the same specific gravity. 

The calcination of umber is a much simpler operation than with all other 
colours obtained l)y a heating process, a relatively low temperature being 
sufficient to obtain llie desired shade, on account of the Ingh manganese 
content and the usually very low proportion of earthy impurities. 'I’herefore, 
unless very large quantities are treated, special furnaces are generally quite 
superfluous, being replaced in many colour w'orks by liearths similar to 
those used for drying pasty earth colours as described in the general part, 
except that the heating flues are shorter and the fire-clay plates forming the 
i)ed are replaced by strong cast iron plate.s. These latter are fixed so 
closely in the walls of the heating flues as to prevent leakage, and furnish a 
perfectly level surface, iqwn which the powdered umber is spread in a thin 
layer, the latter being then heated until the desired cliange is obtained. 
No definite rules can be given for this purpose, since one and the same kind 
of umber not only gives a special shade when burnt, hut also a product 
differing in colour according to the temperature employed. Careful pre¬ 
liminary trials must therefore be made, and tlie only way to regulate the 
calcining process is to take small samples from time to time and compare 
them when cold with the desired shade. Even then it is often necessary to 
blend several batches of the calcined product together. 

In this wav considerable quantities of umber can he calcined in a 
relatively s]\ort Ume; but where the quantities are very large the furnaces 
used for calcining ochres are the best. 

The brightness ainl intensity of shade of the burnt umber depend not 
only on the duration and temperature of the calcining process, but also on 



THK BROWN EARTH COLOURS 399 

the form and purity of the crude umber and the method of preliminary 
treatment. Projhiets rich in m«nj;anese oxide jfenerally |jive when ealeincd 
brighter shades in proportion to Ihe fineness to which they have been 
powdered or the care bestowed on the levigation. This specially bright burnt 
utnber is put on the market as vt'Ini hrorrii, clwstind hro/vn, luatigatmc velvet 
brown, &c., in the state of very fine po\v<ler <u* in lumps. Sometimes certain 
brands of burnt umber are very similar in apj)earance to colcotliar, and can 
be sold as such. 

Apart from their tint, all kinds of umber, whether raw or burnt, have 
the same properties as the various ochres, so that there is no need to 
describe them again. 

Umber is used for various purposes. It is used alone or mixed with 
other pigments—especially artificial mineral colours or lakes—in the wall¬ 
paper industry to produce the ground sluidc, and the fine brands furnish 
handsome shades of printirjg colours with go()d covering power for litho¬ 
graphic and art wmrk. Here also the umber is .applied alone or mixed with 
other printing colours, especially yellow', green, and red. All brand.s of 
umber serve as very durable varnish paints, w’hich dry very (juickly and hard. 
Umber is an essential ingredient of weather-proof paints for outdoor use, 
and gives a specially ricli assortment for painting house fronts. 

h. Cassel Brown, Cologne Earth {Bitumen, Coal Brnivn) 

1'hese pigments, though similar in ajjpcarance to very dark brands of 
umber, are of much lower specific gravity, and poorer in covering power. 
Moreover, their behaviour on calcination is very difrerent from that of 
umber, since they burn aw'ay iti presence of air to a very .small, jwle 
reddish grey ash. They must be considered to be a kind of decomposed, 
soft earthy lignite, and can be ol)taincd from that substance, or even by grind- 
ingand levigating coal. Cassel brown is rarely found native in the form of 
lumps, but mostly as a fine earthy m.iss, ami the preparation is therefore 
very simple. The wet mass from the pits is dried and ground in a hall 
mill, disintegrator, kc., levigation being quite superHuous. 

Cassel brown is of but small importincc as an oil c<dour, as the |wiints 
dry very slowly and are devoid of covering |>ower. It is, however, largely 
u.sed for wall and fancy paper making, and also .as a water colour. It is 
partly solulde in caustic alkali, and on this property is ba8e<l its xiw for 
manufacturing wood .stains. IValnut stain, for instance, is prepared by mixing 
Cas-sel brown with w'ater in a cone mill to a stiff’ past(‘, which is trcatcul 
with A .solution of soda ((i parts of calcined .soda to 100 parts of (.'assel 
brown) for a few' days in a suitable mixing machine or a wet mill. 'I’he 
resulting mass is spread about | in. thick on wooden or enamelled iron trays, 
and dried. The mass when dry chips off’ a.s small, shiny, dark brown 
pieces, in which shape it is sold as dry walnut stain. 

c. Mixed Brown Figments 

By mixing the above-mentioned brown earth colours together or with 
other pigments, especially with artificial mineral colours, various shades can 
be obtained for ordinary painting purposes, as well as for making wall and 
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fancy papers. The different shades of fanm, for instance, are mixtures of 
raw or burnt umber and strong-coloured dark ochres in various proportions. 
hronze bnmm is a mixture of raw umber and chrome yellow, and can be 
toned with Oissel brown, chrome orange, black pigments, green mineral 
colours, iron oxide, Ike., according to taste.* The various terra coUa shades 
are obtained by mixing burnt umber and red iron oxide colours, chalk, 
barytes, lithopone, zinc white, &c., in suitable proportions. Some handsome 
olive greens for wall and fancy papers are mixtures of crude umber with 
green lake ])igments, shaded by means of red or yellow lakes. Raw and 
burnt umber play a more or less decisive part in the manufacture of olive 
green oil colours, as already mentioned (see p. 


VI.-GREY EARTH COLOURS 

Althougli various minerals found native in considerable cpiantities could 
serve as grey })ainter’s colours after suitable preparation, they arc very 
seldom used, because it is easier to mix white natural or artificial mineral 
colours with blacks in order to obtain cheap grey pigments of a pure grey tint 
and even the same covering power. The few natural grey mineral colours still 
used—ground slate grey and zinc grey—are only employed for certain special 
purposes. 

a. Slato Grey, Stone Grey (Silver Grey, Mineral Grey) 

This pigment is ol)tained by grinding or levigating special kinds of grey 
xlale, found in considerable (juantities in veins, beds or single lumps, and 
stock works, or nodules, mixed with iron pyrites, in many parts of (}ermany; 
especially on the Rhine and in the Tifel it forms abundant deposits. 
According to its hardness and purity, the mineral coming from the pits is 
either treated in breaking machines direct and afterwards ground to a fine 
powder in ordinary mills, or, more rartdy, is ground in large wet mills and 
afterwards levigated in the usual manner. 

The product obtained by one of these methods forms a fine, soft, 
yellowish or reddish grey powder, and is used as a wash for walls. If it 
has covering power enough it can also he used as an oil colour, but in this 
case only in admixture with white mineral colours. Ground in varnish, it 
dries very hard, and is therefore used as an oil putty for flattening and 
stopping uneven surfaces of paint, or when thinned with varnish it makes 
a very durable ground paint. The application of slate grey for this purpose 
has the further recommendation that the surfaces covered with it can, after 
being dried, be smoothed down with water and pumice stone. 

In England a kind of grey clay slate is used in manufacturing paraffin 
wax. Tins slate contains about 67 per cent, of grey asb, which is used as a 
grounding paint, and also as a stopping. 

In the German colour trade the name slate grey is very often applied to 
a mixture of white clay with mineral black and lampblack pigments, 
shaded with ultramarine blue, red earth colours, &c., and is used for the 
same purposes as the natural product. 

• The well-known, permnnont and uiucU liked Vandyke browns, working well with 
.any kind of vehicle, are very eimilar wlQurs. [Tbakslator.] 
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Some kinds of chiy slate coiiUiiiiii^ certain quantities of liydrocarbon, 
sulphur, nitrogen, tte., lose these elements on calcination, anti then form a 
mass of considerable covering power. Similar products were fonnerly sold 
in tlie form of powder as so-called but now a ^neat variety ot 

mixtures of white, black, yellow, and red mineral colours are put on the 
market under the same name and for the same pur|>o$e. 

b. Zinc Grey 

A juimber of very different products are put on the market, all bavinjf the 
same name, zinc grey. Originally the fine mebillic powder obtained in 
zinc furnaces was collected and tised as a grey pigment andcallcil zinc grey, 
but afterwards grey-coloured zinc oxide adulterated by admixtures of carbon 
was brought forward under this name, and at present various mixtures ot 
zinc white or lithopone and black mineral colours, ]an]])bhicks, , are also 
called zinc grey. 

Zinc dust, the true zinc grey, is deposited on certain parts of the muffle 
in distilling zinc, and is put on the market in this condition. It forms a 
yellowish to bluish grey, very finely divided powder, with almut f)8 per cent, 
of metallic zinc and a high specific gravity. On account of its great covering 
power it is well adapted for use as a varnish colour. Zinc grey paints dry 
rather quickly, and very hard, especially on metallic surfaces, and therefore 
zinc grey is principally used for painting machinery, sheet-iron roofs, and 
similar objects. 'I’he coatings are very durable, and successfully ])r(>tect iron 
against rust. 'I'lie covering power of zinc grey is not equal to that of red lead; 
its pigmentary j)ower, however, is al)out tlie same, red lead being also 
somewliat heavier. 'I'lie paints <lry witli an agreeable light grey lint, which 
however, darkens, considerably after a time. Zinc grey can be mixed and 
shaded many proportion with zinc white, barytes, lithopone, 

The grey colours sold as diavioiHl silver grey, platinum grep, 

are zinc oxides contaminated with carbon or inlcjitional mixtures of zinc 
white, lithopone, barytes, ))Iumbagu, mineral and other black jiigments, 
shaded by the aid of ultramarine blue, yellow or red earth colours, A’c. 
These mixtures are manufactured in the usual way in edge-runners, balance 
mills, or pulverisers. 


Vn.—BLACK EARTH COLOURS 

a. Mineral Black (BUick Chalk, Oil Black, Slate Black, ^-c.) 

At present only very small quantities of this product are sold, tlie so- 
called mineral black, a clay shale containing up to .SO per cent, and more 
carbon. Wiien suitably prepared it forms a fine, soft, more or less black 
powder. 

Such products are found in a specially pure state in Spain, less [>ure in 
Thuringia, near Osnabriick, near Bayreuth, in Switzerland, the Tyrol, Italy, 
and many other places. They are of a blue-black to brownish black tint, 
and are mined from lodes and veins. Black shale is seldom pure enough— 
that is, sufficiently free from gangue—to be dry ground, and is generally. 
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therefore, fir.st roiiji^h f^round in stamp mills and afterwards levigated or 
crushed, according to its degree of hardness. Many raw products can be 
sent direct from the stamp mills to the levigating tanks; others, however, 
must be finely ground in large wet milks. 'J’he levigated product generally 
settles down easily, and fonn.s when dried in the air a fine soft mass, which 
readily fall.s down as a fine powder. 

Mineral black is of good covering power, but requires about per cent, 
of varnish; the j>aints therefore dry very slowly on surfaces of all kinds. It 
is useful as a water colour for wall-paper manufacture, and is used for 
making the grey mineral colours mentioned under the last heading, giving 
the product a bluish tint. When calcined with .saltpetre it detonates, and 
the residue when afterwards treated with acids yields a white body con¬ 
sisting of silica and alumina, which therefore acts as a carrier of the 
j)ignientary carbon. 

Owing to the fact that much brighter artificial black pigments are 
obtainable in considerable quantities, mineral black is now of very little 
importance. 


h. Graphite, Plumbago, Blacklead (Stove Polish) 

Plumbago was at one time considered to be a compound of iron and 
carbon, but is really only a modification of carbon mixed with ferruginous 
sand. It is found as a mineral in fairly large quantities, but in various 
degrees of purity, and occurs cliieHy as veins in tlie primary metamorphic 
rocks, as round masse.s in granite, gneiss, mica, primary limestone, &c. The 
most important deposits of plumliagu are at llorrowdale and Keswick, in 
Cumberland, Southern Siberia, Ceylon, near Passau, Marbacli, Moiitabaur 
(Westernwald), Vps, Bohemia, Moravia, Sweden, «^c. The purest black- 
lead is found in Ceylon, the ash content being to () per cent. The 
least pure kinds come from Sweden and Passau (about 40 to over GO per 
cent, of ash). 

I’lumbago (the livisxblei of the Germans), like diamond, is pure crys¬ 
tallised carbon, the crystalline form and physical properties being, however, 
quite difl'erent. It crystallises in tables or small plates of the hexagonal or 
(according to others) monoclinic system. It forms also foliaceous, scaly, or 
earthy masses, and is sometimes of a fibrous texture. Plumbago has a grey- 
black tint, w'ilii metallic lustre, is quite opaque, unctuous to the touch, makes 
a grey mark. Whilst diamond is the hardest mineral known (hardness = 10), 
plumbago is much softer (hardness = 1'5). The specific gravity is I '8 to S’.*). 
For })urification it is first crushed, levigated, and afterwards treated with 
chemicals, the ash content being reduced to 1 to 2 per cent, by fusing it 
with caustic soda or with sodium carbonate and sulphur, or by treatment with 
hydrochloric acid, hydrofluoric acid, potassium chlorate, and sulphuric acid, 
or by otlier powerful clieinical reagents. All tliese methods, however, are 
difficult to practise on a large scale, owing to a lack of sufficiently permanent 
vessels wherein the operation can be performed. It is therefore generally 
preferred to work the purest jxrssible article that only needs mechanical 
treatment. 

Another modification of carbon, very similar to plumbago, is formed in 
the smelting of iron with coal in the blast furnace, viz., the so-called 
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blast fiinuice grapliile. The formiitioii of this pnKliict is hasei) on tile 
property of molten iron to dissolve carbcm. When the iron is allowed to 
cool slowly this carbon is mostly rodt posited as a modi/ied plumbago. 
When the heavy hydrocarbons conlaine<l in jias arc stron^dy lieated 

a special modification of carbon, very similar to plumba^«j, known as retort 
graphite, is formed. This modificatijm, however, is exceedinj^Iy iiard and 
dry, and is not used in colour manufaetme. 

In practice plumba^jo is classified into two very diflcrcnt forms, amorphous 
and /b/wceo«.v, of which the first one only is used to any extent for colour 
purposes. Accordinj' to the method of preparation, whether only dry 
ground or more or less e.arefidly levigated, it comes on the market for 
painting purposes as a powder of varying (inene.ss and appearance, Wiien 
ground the powder is less fine, and of a more blackish shade, levigated 
]>lumbago being much finer, and exinbiting a liigh silvery lustre when .spread 
out with a palette ktiife, on wliich account it is siunetinies called silver 
plumhago. The most suitalde kind for eohmr purposes C(un(‘S from Hohemia, 
whieli nearly monopolises tlie Conlincnlal market. IMimdmgo has no 
importance as an oil or varnish colour, except for a <lwindling a]>plieation 
to iron goods. Statues of stone or gypsum painted with plumbago are 
sometimes found, imitating a metallic appearance. In (iermany and the 
north of Central hairope plumbago is almost exclusively used for blackleading 
iron stoves, for which its fire proof properties render it most suitable. In 
Russia, where sheet iron is in almost general use for roofing houses, plum¬ 
bago is used for roof-painting, and is said to l)e an excellent prevcJitive of 
rust. 

Mixed with white bodies, plumbago gives a <pntc neutral grey tint, but 
is not much used for fine j)ainting. Plumbago is, however, aii important 
material in the manufacture of lead pencils. J'or lliis j)urj)ose it is levigated 
in admixture with clay, the mixture being ground till quite homogeneous in 
roller mills, then moulded into small rods, and caleiiied in this state. The 
varying hardness and the blackness of the ])eneils depend on the relative 
quantities of clay and plumbago used and the temperature of the calcining 
process. For this purpose, of course, oiily tim finest and purest plumbago 
can be used, the so-called‘'amorphous ” plumbago. Foliaceous plumbago 
is made into crucibles that are specially strong, and are used, for instance, 
for calcining organic black pigments. lMuinl>ago being a good electrical 
conductor, is also used in electroplating; ami forms a lubricant when mixed 
with oil and fat. 

The value of plumbago is estimated by its reducing pn)perlies. Accord¬ 
ing to Schwarz, a given (juantity of plumbago is thoroughly mixed with an 
excess of lead oxide, the mixture is heated in a closed crucible until the 
lead oxide fuses, and this temperature is maintained for a certain time. 
The lead regulus formed by reduction is weighed, every .'I t 5 parts of 
metallic lead being taken as equivalent to 1 part of carbon =-pure plumbago. 


c. Lead Ore, Galena 

Lead sulphide, PbS, a mineral from which metallic lead is obtained in 
metallurgical works, has a deep black colour (especially when free from im¬ 
purities), but turns brownish in shade when ground. It is of no importance 
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for colour purposes, owing to the higli price of the colour obtainable 
from it, and is replaced by the artificial black pigments, which are much 
brighter and of a much deeper shade. According to Gentele, it was used 
at one time as a coarse powder, freed from adhering dust, and scattered 
on varnished surfaces, to which it imparted a metallic lustre. The same 
effect, however, is now produced by means of variously coloured coarse 
glass powder. 



C.—BLACK PIGIMENTS 


General 

Ai.l the natural black jiij^nicnts have a special inodificntion of carbon— 
namely, the amorphous Ibrni as the colouring jn-ineiplc, (Carbon is known 
in three allotropic modifications; the regular crystalline, perfectly transparent 
(Uamond; the irregular, foliaccous, crystalline form of metallic appearance 
and grey to black colour, plum/ni^o; and the amorphous form, coal, (lignite, 
pit coal). 

For colour-manufacturing purposes, tlie last two forms alone are of interest, 
but only to a limited extent so far as the native carbon is concerned. In der- 
many and Switzerland, Italy and France,it is true,there are depositsof minerals 
containing amorplious carbon in a form which, after suitable treatment 
(grinding, levigation), can be nsed in colour-manufacture. The preparation, 
bow’ever, is so troublesome, and therefore costly, as to be impracticable, now 
that modern skill is able to produce artifieini amorphous carbon in almost 
unlimited quantities in a more suitable state and at much less cost. 

I^xccpt plumbago, which is in everyday use as lead pencils, natural 
carbon is of practically no interest for colouring purposes. The artificial 
black pigments known as carbon black, lampblack (vegetable black, animal 
black, tfec.), are, however, of great importance. 

Lampblack is nearly pure amorphous carbon, obtained by burning carbon 
compounds free from inorganic, fire-proof constitiienls, so that the. artificial 
black when ealeined l(;av<‘s <»idy a miniile (piantity of ash, or none at all. 
Carbon black (c.g., bom* black, or l-’rankfort black), however, is an intimate 
mixture of carbon and inorgani** substances, and is formed when siibslanecs 
of vegetable or animal origin containing carbon and inorganic compounds are 
burned in an insufficient supply of air. Under these conditions the carbon 
is not converled into carbon dioxide, but is <lcp(»sitcd as carbon. This 
process is exemplified, for instance, in the prodnctioit of wood charcoal. 
Hence when carbon blacks arc calcined in the air until the carbon is 
completely burned a residue of ash is left. 

'riie fa(;t of a flame being able to produce soot under certain conditions, 
de|)ending on the nature of the combustion process and on the material used, 
was observed by the anci(?nts, who also used the product obUined in this 
way as a black pigment. 

Carbon is (piite an ideal material as a pigment, being not onlv almost 
absolutely fast against the influence of light and air, but also against 
the chemical infliicnees of acids, alkalies, alcohols, oils, &c., so that it is 
not dissolved or discoloured thereby, and, moreover, cannot be destroyed 
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l)eIow n very hijfli temperature. The amorphous state enables the carbon 
to l)e very intimately mixed and ^rround with vehicles (varnish, oils, 
aqueous vehicles, &c,) of every kind, and ^rives rise to a very extensive 
colouring and covering power. Carbon can be mixed with all vehicles and 
pigments without causing any alteration in them or being altered itself. It 
can be treated by any known technical methods, except calcination, whilst 
at the same time the low cost of carbon pigments, at least of the commoner 
•kinds, is of special importance. 

a. Carbon Blacks 

The modern method of producing carbon blacks is by the so-called dry 
distillation. When volatile organic bodies—alcohol, benzene, ether, Sic .— 
are heated to tlie boiling-point they volatilise without decomposition, and 
can be collected again in exactly the same state as before by suitable means. 
This is called the process of distillation, and it is only when the vapours 
arc heated much above the boiling-point that decomposition takes place. 

If non-volatile organic bodies arc heated in closed retorts they are 
decomposed, with formation of water and of certain volatile carbon com¬ 
pounds (acetic acid, carlwii monoxide, hydrocarbon), of a gaseous, oily, and 
resinous nature, and deposition of elementary carbon. This latter process 
is termed dry distillation, by means of which the carbon blacks are produced. 
Like all manufacturing processes, it requires a suitable management. The 
apparatus and working temperature will depend on the nature of tlie 
material treated. The temperature must not be allowed to rise too high, 
or a vitreous prodiict, difficult to pulverise, will result, whereas it is essen¬ 
tial to obtain a porous, soft mass, which can easily be ground. An excessive 
temperature also lessens t)>e yield, since after the mechanically retained 
water has been expelled the oily and tarry decomposition products escape 
from tlie material, and when the temperature is raised still higher the 
decomposition of the carbon derivatives begins, carbon monoxide, carbon 
dioxide, and liydrocarbons being liberated. This means a loss of valuable 
material; and it is therefore evident that the same raw material will fur¬ 
nish <liffcrent products, according to the temperature employed. On the 
other hand, raw materials of different origin require different temperatures 
for tlieir decomposition and the formation of suitable products, and the 
apparatus required also differs. 

I'here are two jirincipal methods of manufacturing black pigments ; 

1. The healing of organic materiah rick in carhon {wooi], bones, «tc.) out 
of contact with air (dry clistillution, carbonisation); and 

2. The burning of oUi/ and resinous bodies containing much carbon in an 
insufficient supply of air (lampblack). 

The products obtained by one or other of tliese methods differ consider¬ 
ably in appearance and strength, as well as in their other properties, covering 
power, <'tc., which difference, of course, influences their various technical 
uses. In comparison with the products obtained by carbonisation, the lamp¬ 
blacks have a much better covering power. This fact is easily explained 
by their finer state of division, a consequence of the method of manufacture, 
the first ones only being mechanically treated. According to the raw mate¬ 
rials used, the consequent appearance of the products, and their price, lamp- 
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blacks are employed as ordinary’ painter’s colours, as also for book illustration 
and lithographic printing. 

Tile chief raw material for carbon blacks is lignite, cspeciaHy the varieties 
which have a conchoidal fracture, the earthy kinds being useless. Fine 
bituminous shales are also used. Spent wine must and veast, vine twigs, 
fruit stones, spent hops, oil cakes, nut shells, lume shavings, chestnuts, ivory 
cuttings, various kinds of wood, \c., are 
worked up to carbon black, the products 
being sold as Frmikfoji Uack, Spnnish 
black, bone black, ivorif black, charcoal, 

In reality these products do not always 
correspond with their 'names. Very 
little ivory black is really made directly 
from ivory cuttings; yeast and wine 
must can be better utilised for cattle 
food ; and it is now realised that the 
various kinds of lignite can be treab’d 
in a manner suitable to their natural 
prop.'rties ; hence the trade name in¬ 
dicates the <iaalihf of the ea»bon black, 
not the raw material from wlueh it 
was made. Wood is huilt up of cells 
and vessels, wliicli consist of cellulose, 

(’,.11,and contain the sap of the 
plant. Freshlv cut wood contains 18*() 
to i.V'i per cent, of water, whilst wood 
dried in the o])en air has only to 20 
per cent, of water. European varieties 
of wood contain, on the aver.age, oO per 
cent, carbon, b per cent, hydrogen, UV5 
per eent. oxygen, O’l per camt. nitrogen, 
and O l per cent. ash. If wood In* 
heated higher than l.aO''-' C. the gases 
are driven out, water, carl)on dioxide, 
hydrocarbons, carbon monoxide, methyl 
alcohol, acetic acid, iVc., escaping, wliilst 
the charcoal residue hi-comes richer in 
carbon as the temperature is raised. 

According to the kind of wood in (jucs- : 
tion, the output of charcoal (with dry 
distillation) is 2(> to .82 per cent, of the air-dry wood. Deciduous Irces give 
a smaller yield than conifenms wood, bark and branches more than wood 
from the trunk, while rapid carbonisation results in more gas and less 
charcoal, the latter being also in a more hvgroscopical state. 

The manufacture of carbon blacks was originally carried on in the same 
way as charcoal-burning, but the juethod had manifold disadvantages, and 
could not furnish a guaranteed pure product. No satisfactory results could 
be obtained with large brick furnaces, it being im|>ossible to heat the material 
equally throughout. For this rea.son the metliod of producing bone black—viz., 
heating in crucibles—was resorted to. A simple to 10 ft. high calcining 
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furnace (Fig. ), t to 7 ft. in diameter,is charged with filled crucibles, 
which are laid n a fairly large grating. The crucibles are about 16 to 
18 ins. high, I ins. wide at the bottom and I t ins. .at the top, and are 
provided with covers, luted at the edges with clay or similar material. 
200 to .'too crucibles are placed side by side in vertical rows, but are not 
packed too tightly. The charging hole is then closed, and the furnace 
heated slowly, so as to raise the charge to a dark red heat in about twenty 
hours. Ihe distillation products escape through the leaks in the covers, and 
are partly burned, thus serving as fuel, 'fhe hot gases How round the 
crucibles and pass away through the chimney, uniform heating being 
thereby secured. The dark red heat is maintained for about six hours, and 
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the furnace afterwards allowed to cool down slowly, with exclusion of air. 
by closing all the openings and fire-door.s. 

All freshly calcined charcoal is liable to ignite spontaneously if exposed 
to the air immediately after calcination in hermetically closed vessels—i.c., 
it is pyrophoric. The crucibles must consequently be left a few days until 
fully cooled, and then be em|)ticd with care. 

When carefully worked this method gives perfectly satisfactory results, 
but is very troublesome and costly, owing to the relatively large consumption 
of fuel and time. The crucibles, also, have to be frequently replaced. 
Attempts have therefore been made to introduce a continuous process by the 
use of retort furnaces of various types, vertical or horizontal retorts, direct 
firing or heating with superheated steam, &c. 

A retort furnace largely used for manufacturing carbon blacks is repre¬ 
sented in Fig. 8fi. The combustion chamber, T, is fitted with a step-hearth, 
T, suitable for lignite, with a small plain hearth, P, below. 0 is the feed 
hopper. The flames enter the calcining chamber, /i, closed alnve and below 
by 1}^ to IJ in. plates, the walls being of firebrick. The top, bottom, 
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jD, iron plates are provided with five to six round openings, in which the • 
retorts, K, at the top and the cooling cylinders, ,/, at the bottom are 
suspended by flanges. 

The retorts arc usually strong cast-iron pipes .1.4 ft. long and about 

ins. wide, though latterly fire-clay retorts of greater dimensions are 
also used. Above the calcining chamber is an air-tight chamber, 
through which a sheet-iron funnel shaped pipe, L, passes into each retort 
from a feed hopper, 3/, from wlii(‘lj the charge is raked into the funnels 
and falls into the retorts. The lower extensions of the retorts fonn the 
cooling pipes, ./, about ins. long, fitting exactly <>n the retorts, and 
dipping about d ins. into water, maintained at constant level in a tank 
underneath the furnace. 

From the calcining ehamher the furnace gases escape through several 
narrow vertical openings, //, into a horizontal flue K) to iJO ft. long, by 
which means the waste heat from the gases can be utilised for drying the 
raw material spread on the top of the flue. 

I'he operation j)rocee(ls as follows: 'I’hc raw material is pushed from 
the hopper, through the funnels, L, into the retorts, K, and calcined 
there, the resulting product falling afterwards through the cooling cylin¬ 
ders, int() the water tank, A’. 'I'lie gases expelled from the raw 

material are prevented from escaping downward by the water seal, and 
are therefore coni])elled to escape through the annular gap (about • in. 
in diameter) left between the end of the funnel and tlie inside of the 
retort into the ehamher, R, and are led through the ])ipc U below the 
fire bars, P, in traversing which they arc consumed. 'Ihe distillation 
residue collects on the bottom of the water tank, A*, and by closing the 
end of the cooling cylinder prevents t he retorls emptying too quickly, the 
residue being pushed on one side when recpiired, to allow a fresh j)ortion of 
residue to fall from the retorls. 

This type of furnace, as used for manufacluring bone black and carbon 
blacks, varies in construction and number of retorts. In some eases the 
retorts are similar to those for making coal gas, Retorts arranged in vertical 
and horizontal rows are also used, and may be fitted with suitable ajqwmitus 
for recovering the by-products of distillation. Fire-clay retorts are also us<!d. 

For work on a large scale, three rtttorts—two below and the third above 
—may be combined in one furnace. 'Fhe retorts arc about 10 ft. long, with a 
diameter of 10 ins. to 14 ins. They are closed at tlie rear end, and arc charged 
and emptied from the front. From e.ach retort the products of combustion 
are led through a pipe to a common receiver for collecting the tar and water, 
the contents of which vessel are kept at a constant level by a flow of water. 
The gases that are not condensed here are led through a long pipe into a 
condensing and absorption plant, where the liberated ammonia is fixed by 
means of sulphuric aci<l. I he gases issuing from this apparatus are col¬ 
lected in gasometers and used for lighting purposes, or are returned to the 
fire and consumed as fuel. 

The heating of a charge takes about six hours. In emptying the retorts 
the heated, partly burning contents are raked out into a tall .sheet-iron 
evlinder, the cover of wliich is quickly luted on will) clay. 'I’he cooling 
cylinders are placed in the open air, and arc not emptied until perfectly 
cold. The empty retort is recharged at once. Both the charging and 
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emptying must be performed as quickly as possible, to prevent incinera* 
tion through the influence of atmospheric oxygen. For this reason, tod, 
the finished charcoal is preferably thrown into water, although this method 
entails a subseipient drying of the product. In calcining carbon blacks the 
temperature must not l)c raised above the point necessary for decomposing 
the organic substances, viz., a dark red heat. For this reason the retorts 
slioulil be fired with peat or lignite, ordinary coal being too hot. 

fla/liday constructed a continuous carbonising aj)paratus for powdered 
inaterlai, so arranged as to keep the product out of contact with the air. A 
horizontal retort (l’'ig. 87) is fitted with a worm conveyor, running at adjustable 
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speeds, 'fhe raw material is put in at one side of the retort, and is turned 
over and over and carried to the other end of the retort by the conveyor, so 
that all particles are brought into contact with the hot walls without being 
coked l>y undue contact or overheating. The other end of the retort is fitted 
with up- and dowii-cast })ipes, the products of combustion passing aw’ay 
through the np-east pipe, whilst the carbonised residue falls through the 
down pipe into a water tank, where it is cooled at once. This apfiaratus 
evidently has many advantages in comparison with the others mentioned, 
but it is an essential condition tliat the raw material should be introduced in 
a carefully pulverised state. 'I'he speed of the conveyor must be regulated 
according to the nature of the raw material, so that the latter is not heated 
to a greater extent than is required for carbonisation, fleat is applied to the 
w'hole length of the retort—below' by direct firing, above by the escaping flue 
gases. 

To avoid overheating, which is very liable to occur with direct firing, 






MIACK PIGMENTS 4ll 

and would convert the soft, porous coal into hard graphitic coke, retorts 
are constructed for lieating with superheated steam or riirnace gases. 'Phe 
Nepp retort is of the latter type, and consists of an iron cylinder placed in a 
firebrick retort; both are mounted on a cast-iron frame. The heating gases 
circulate between the walls of the two retorts. Eoth can be opened by 
means of handles on the covers. 'Phe lieated mass is raketl out below, and 
falls into a hermetically closed sheet-iron box, in which the charcoal iscoohMl 
before being put into the storage boxes. 'Phe products of combustion in the 
retort escape through a j)ipe in the top of the apparatus. 

Zmf/ingcr constructed ati apparatus for use with superheated steam. Phe 
retort (Fig. 88) is made of cast iron, and covcre<l with an isolating jacket. It 
is filled from above, ami emptied below at one side. Superheated steam 
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is blown in from above, and the volatile decomjmsition products are led 
through a pipe connected with a c4>oling coil and a washing and purifying 
apparatus. 

The apparatus, heated by furnace gases or steam, can be kept at a definite 
temperature, and therefore gives a uniform product. 

The (piestion as to which kind of apparatus to use must be decided 
according to the nature of the raw material. In the case of materials yield¬ 
ing valuable by-products—for instance, animal residues and other substances 
furnishing ammonia, certain kinds of tar, iS;c.—steam or furnace gases will 
be preferred ; but when the cheap recovery of by-products is impracticable, 
as is mostly the case in small works, direct firing is used. 

The carbon black must afterwards be ground as finely as possible. For 
this purpose the ])roducts collected under water must be tboroiighly dried, 
wliilst tijose brands obtained in the dry state must be cooled to such a degree 
as to preclude spontaneous ignition. 

Coarse grinding is first etfected in disintegrators or similar apparatus, the 
product being then ground to an impalpable powder in wet mills. 
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Filtering, pressing, and drying processes are performed with the same 
plants and machinery as already described. 

Specially purified carbon blacks are produced by extracting the soluble 
ash constituents with dilute hydrochloric acid, or collecting the charcoal in 
water acidified with hydrochloric acid. Generally, however, this treatment 
is unnecessary, and, on account of the high cost, is rarely’ practised. More¬ 
over, carbon Idacks collected under water always undergo a certain leaching 
of the soluble ash constituents. The product purified with dilute acid is 
called Paris black. 

The result of the manufacture of carbon blacks depends on the raw 
material and the method used. According to ll/gen, Matthet/, and Koehler^ 
dried grape husks and yeast give 20 to 25 per cent, of black, wlnlst lignite 
furnishes up to 50 per cent. In large works the recovered by-products— 
gas, wood vinegar, potash —should about pay the cost of manufacturing the 
black. 

The most important kinds of carbon blacks will now be more fully 
described. 


Frankfort Black i^Vhw Black, Drop Black, Bebcusclnrarz, Noir dc V/gne) 

In its purest form this pigment is obtained from spent wine yeast. 
Grape busks, vine twigs, vine wood, and other similar materials also give 
products of good appearance and fairly good covering power—the clieaper 
commercial brands. V^arious intermediate tpialities, at corres[)on(ling prices, 
arc obtained from mixtures of Frankfort black from wine yeast and the latter- 
mentioned brands. 

Before carbonising wine yeast, the cloudy residue remaining in the casks 
after racking off the clear wine is distilled, spirit of wine being obtained as 
the distillation product, only the thick mass remaining in the retort being 
dried and carbonised. This is most simply done in iron pans fitted with covers 
and provided with arrangements for removing gas and vapours. The yeast 
is first evaporated to dryness, the covers being then placed on tlie pans, and 
the residue is progressively heated until no more gas or vapour.s escape. In 
large works the dry yeast is placed in iron or clay crucibles, closed by 
luteil covers with a small opening only, and heated in a furnace similar to 
those used for ultramarine. When combustible gas ceases to issue from the 
openings of the crucibles, the heating is stopped, and the crucibles are 
allowed to cool. Instead of crucibles, closed iron cylinders or retorts are 
sometimes used, being placed in rows in the furnace, so as to be exposed 
to the heat on all sides. This apparatus also is provided with pipes for the 
gases formed during the heating process. 

When the cold emcibles or retorts are opened a very soft, loose carbon 
is found, which must be washed and sifted to prepare it for sale. The crude 
carbon contains small quantities of potash and calcium carbonate, derived 
from the "tartar” in the wine yeast. The potash is removed by washing, 
whilst'the latter, being insoluble in water, remains in the black pigraentr 
Though it can he removed by treating crude carbon with <lihite hydrochloric 
acid, this is rarely done, the amount being so very small that the quality 
is unaffected. 

Mixed with white pigments, Frankfort black, like wood charcoal, gives 
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pure grey tints with a bluish tinge, hut Ims a considerably higher eover- 
ing jMtwer tlian charcoal, owing to the liner slate of* division, 'I'lic finest 
brands of brankfort black also serve for coppcr-platc printing, but are of 
no use for ordinary news|iaper .nid post.r work. It is spcci.illy valued 
as an artist's colour. 

Bone Black, Ivory Black, Paris Black {liriii.vliinir.'.) 

The colours met with in the trade under these names in the pure slate 
are, without exception, calcined .and finely ground bones. The calcining 
process is not a branch of the coloui- trade, but was formerly confined to the 
.preparation of bone black or anini.al (‘hareo.al for refining sugar. The bom; 
black for this ))urpose is coarsely gr.nml.ar, but since liner i«irticles arc always 
formed, these latter, reduced to a line powder, meet with a ready side us 
painter s colours. 1 he use ol bone blaek, however, has very considerably 
decreased in sugar works, and will piobably soon be abandoned altogether. 
Hence it is very i)ossiblc that colour works will be obliged to manufacture 
their own bone black, the more so because the demand for it in other 
branches (glycerine, alkaloids, ftc ) is small. Tor this reason the production 
of bone black will now be described fully. 

Commercial hone black generally contains about 10 per cent, of carbon, 
8t per cent, calcium phosphate, and I) per cent, of calcium carbonate ; the 
latter two may therefore be regarded as the carriers of the colouring prin¬ 
ciple. The bones must be freed from adhering fat before being calcined, 
since the fat would cover the carbon (which should be porous) with a more 
compact coating. 

For this purpose the bones are boiled with water in large tanks or 
steamed in a suitable apparatus. In both cases a great deal of fat is re¬ 
moved, whilst a considerable |>.n't of the <'artilage dissolves us glue. 'J'he 
bones are then washe<l and stisniglv dried. 

Aft(rr this first tre.atmcnt tin; bones .are ol two kinds -dense and |>orou.s. 
The former alone can be used for calcining purposes, whilst the pcjrous 
bones, which contain glue, are used up in the manufacture of size or applied 
ns manure. I'he denser bones arc sipar.-ilial from the jiorous ones by 
crushing with large edge runners, the softer parts being reduced to a fine 
powder, which is separateal from the hard bom;s in sifting machines. Tin; 
hard bones are then finely crushed by means of stamps, and arc after¬ 
wards reduced in edge-runner mills, to a uniformly coarse jiowder, which 
is calcined. 

'Ihe calcining is effected either in retorts, to recover the by-products, 
especially ammonium carbonate, bone oil (animal oil), or else the |)roducts of 
distillation are burned. The best bone blaek is said to be obtained by the 
latter method. In Zwillinger’s process the bones are calcined by super¬ 
heated steam; for our piiriwses, however, the older calcining method 
certainly gives better results. Iron crucibles holding about gallons are 
filled with the de-fatted and ground bones, and are heated in a furnace by 
the flame from a l.deral grate. Air is excluded from the crucibles by placing 
them in |)airs one above another, and luting all the joints with clay. For 
this purpose the mouth of the lower crucible is provided with a recessed 
flange, into which the ui)i)er crucible fits. .Shortly after the heating 
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has l)C|ruti ilu; clay breaks^ and the gases or vapours issuing from the joints 
burn and act as fuel. When no more vapours escape the operation is 
at an end, and the furnace and contents are allowed to cool in the closed 
state. 

in works manufacturing good bone black for paint the re-ground hard 
bones are again sifted, and the resulting fine bone powder is calcined by a 
special operation. The resulting producl Ims a deep black colour and very 
goodcovering po wcr. 

Bone black is preferably ground in edge runners and afterwards in 
balance mills, 'fbe various commercial grades are separately produced by 
bolting the product through screens of various fineness. On account of the 
hardness of hone black, these operations arc diflicult, and considerably 
increase the price. 


Carlxm blacks are sold as a fine powder, which in the finest brands is 
im})alpable. Sometimes the black is pressecl into square blocks, chiefly for 
use in making ])aints, and especially in large (juantities for boot polishes 
(blacking). Carbon blacks are less suitable for water colours, but when 
ground in varnish they give a very deep black, which, however, has the 
disagreeable property of drying slowly. They form a dull, rather heavy 
)>owder of a more or less deep black tii»t, sometimes having very consider¬ 
able covering power. 'I’he earbtm content varies from 14 to W percent.; 
there are therefore 80 to 8() per cent, non-pigmentary ash constituents. 
The finest brands arc used for copper and steel plate printing, but to only a 
moderate extent. 

The lignite coke produced in the Thuringiaii lignite industry (the so- 
called (inule) gives, when finely ground, a l)lack pigment well adapted for 
painting purposes.* 

According to Peters' patent, the fragments from electric arc lamp carbons 
can be worked up to a very good carbon black. These carbons are made of 
graphite, retort coal, wood charcoal, petroleum coke, tar coke, and lamp¬ 
black, with alkali silicates, pitch, or solutions of sugar, syrup, or glue as a 
binding medium, and with an addition of boric acid, manganese dioxide, cal¬ 
cium, strontium, or magnesium salts; and a relatively considerable part of the 
carbon jiencils remains unburned in the arc lamps. These remainders were 
generally worked up again with fresh quantities of material, but in Peters' 
process they are heated in crucibles between i;J0()()° and C., and 

plunged in the hot state into oil, wliere they remain twelve to thirty-six 
iiours. They are afterwards dried on wire gauze at a suitable tempera¬ 
ture, and ground to powder in edge-runners or suitable mills, 'fhe 
treatment with oil softens the mass and facilitates grinding. Linseed oil 
is the best, this being also the chief material afterwards used in making 
the paint. 

For inferior paints the oil can be left out. 'fhe carbon fragments can be 
heatetl in crucible blast furnaces between 1200° and 1400° C., and after¬ 
wards slowly cooled, whereby they become hard. I he resulting material, 

• Of l.aty the manufacture of carbon black from charcoal has been i>at«-nlcd by a 
Rhenislj lirm. 'Die eharcoul is lirst treated with caustic alkalies in suilahic mills, aud 
afterwiwds calcined. [Tuakslatou.] 
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ground to a very fine powder, can be used lor inainifaeturing inastio^ 
tempering sleel, v'te. 


h. Lampblacks {Sooi Vi^mi-nln) 

Carbon black and plumbago dilTer from lampblacks (soot) inasmuch as 
they contain more or less ash, while lampblack (soot) is almost entirely 
free from it. Pure soot of an ordinary brand (apart from accidental dirt) 
rarely contains more than 01 per cent, of ash, any larger proportion 
indicating contamination. In lampblack, as with carbon black, the carbon 
is artificially produced liy an imperfect burning process; but wlicrcas carbon 
blacks are made from both organic and inorganic luHiies, tlie former alone 
are used for lampblack. 

Lampblack (soot) is the most important colour used in daily life. The 
consumption of soap has been said to indicate the pku-c of a country in the 
scale of civilisation ; but lampblack w'ouid make a better slandar<! for the 
purpose, in view of the immense (piaiitities useil Ibroughout the civilised 
world in the form <»f printer’s ink for newspapers, books, iS:c. Lampblack 
is also largely employed as a painter’s colour, in tlie manufacture of black 
oilcloth, india-rubber boots, carbon electrodes, crayons, wall and fancy jwipers, 
Japan goods, iSjc. It is used on a moderate scale for cloth printing and ns 
an insulating material. 

Before the manufacture of a ))ure soot was known ordinary chimney 
soot was often used as a pigment, after purification. (»7o.v.v sooi was tlie 
product deposited nearest the fire, and contained tar-like and resiitous com¬ 
bustion |)roducts, whilst ligld suid was obtained from tbiMUitermost parts of 
the Hues and the chimney itself, riiese two products, lu.wcver, are now out 
of use, at least in the colour trade, on account of their low covering power- a 
result of impurity. 

The immense progress of the chemical industries in the last few decades 
has greatly facilitated the manuiaeture of lampblack. 'I'lic organic by products 
obtained in great (piantities in various branches (coal gas, organic colours, 
lignite distilling, mineral oil industry) ofi’er valuable raw’ material in large 
(piantities to the lampblack manufacturer, and have raised the industry to an 
iinjiortant position, 

Uesin and the residues from resin and pitch distilling were the oldest 
raw materials for lampblack making. The originally very simple method of 
burning the raw material in a suitable way has been gradually modified into 
highly complex methods, and elaborated to suit the cliaraeter of the materials 
and to effect economy of production. 

Several varieties of lampblack depend on the differences in the raw 
materials, flame black is made from solid or viscous material, true lampblack 
from fluids, and gas black from gaseous bodies. 'J’he first named is the poorest 
kind, gas black the best. 

Lampblack naturally possesses all the ideal properties of carbon, such as 
its fastness and workability ; it has sjiecially strong colouring power. Being 
free from inorganic substances, it is exceedingly light and easilyfcW’orked to a 
uniform product with all vehicles. In this respect it is superior not only to 
carbon black, but also every other pigment. 
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Flame Black {Fkme Sool) 

J he most primitive method of making a soot pigment consisted in 
igniting resin in a pot in a closed room and leaving it to burn until stiHed 
by its own smoke through lack of oxygen. The principle of restricted air 
supply was therefore adopted, though probably in ignorance. The results 
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obtained by this method were of course very unsatisfactory, the yield being 
small and the method slow and costly. The product was also of |>oor 
quality, the irregular cond)uslion leaving much unconsumed material as 
empyreumatic bodies, oils, in the black, which was therefore heavy, moist, 
and maludoroiis. 

In adopting more rational methoils, a plant similar to that for subliming 
sulphur was used at first (Fig. «9). The generating chamber was separated 
from the collecting chamber, the latter being a eyiindrical lower with a 
conical roof. The generator consisted of a small building beside the tower, 
the black passing into the latter through a hole in the wall, whilst the waste 
gases escaped through a hole in the top of the tower. 
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The walls of the collecting tower were covered inside with sacking to 
make them rough and facilitate tlie adhesion of the black. When the burn¬ 
ing was finished the black was removed from tlm walls by lowering a large 
hoi)|)er from the roof, so as to scrape the black olf the sides and cause it to 
fall to the floor of the collector. 

Tins apparatus enabled the work to pi-oceed continuously and the air 
supply to be regulated, but had the groat disadvantage of causing much 
waste of black, the collectors getting hot after a lime, and the resulting 
increased draught carrying off a deal of black witli the etHucnt gases. 

It was therefore found necessary to provide as much room as possible 
for the black to dej>osit, and two or more collecting chambers were placed 
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one behind another, thus forming tlie rudiments of the existing chamber 
system. 

A type of this primitive chamber inelliod is illustrated in Fig. 90. 
Theniuss plant, sljown in Fig. .9J, is more conjplicated. The iron grating, 
is kept red hot by a special fire (with chimney, h) below, whilst oil or melted 
fat, naphthalene, A’c., drops from the vessel c through a regulating hole on 
to the grating, where it is iueompletely liurnt. The resulting black passes 
througli the chambers, and t!i(‘ wast<j gases CM’ape by the ehlnniey d. The 
chambers are provided with doors, through wliich the black is removed. 

The present great importance of the soot pigment industry has led to 
a clo.se investigation of the several pimses of the maiuifacture, viz., the 
production and collection of the hlack^M\{\ a great many suitable and ingenious 
forms of aj)paratiis have been ileviseil. 

The apparatux for producinf: flame black are various, and adapted 
for differeni kinds of raw materials— c.g., tar, tar oil, naphthalene, anthra¬ 
cene, residues from mineral oil distillation, more rarely pitch, resin, &c., 
(Vf., both solid an<l liquid materials. 

While formerly the materials were heated in iron vessels and pans by a 
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separate fire, this system is now abandoned. The small-plant formerly used 
has now been replaced by large furnaces, where the air is regulated in such 
a manner that it suffices to ignite raw material and keep it burning, no 
special source of heat being required. The oj)eration is continuous in all 
cases. 

Ihis is not the |)lace to enumerate all tlie various more or less imperfect 
plants devised for making soot j)igments,it being sufficient to mention the most 
up-to-date types. 'I'iie furnaces are horizontal or vertical brick shafts or conical 
cast-iron furnaces, connected by iron or fire-clay pipes or long brick flues 
with the collecting chambers. Air is admitted through a certain number of 
suitably placed openings, the breadth of which can be regulated by dampers, 
jjj the amount required 

being sufficient to 
maintain regular com¬ 
bustion and ensure a 
maximum separation 
of carbon from the 
hydrocarbon material, 
but not so strong as 
to oxidise the carbon 
to carbon monoxide or 
carbon dioxide. 

One or more flat 
cast-iron vessels are 
charged with the solid 
or liquid material, a 
mixture of both being 
preferable. At one 
time oil, fish oil, and 
11 1 . j . . similar liquids were 

flowed to drop in Him strcimis from pipes on to lieated iron plates, 
the oil burned on tlie plates, but left considerable quantities of coke, and 
the pipes were also liable to become clioked by deposited carbon Arrange¬ 
ment were also devised for melting solid bodics-r.g,, naplitlialene-and 
feeding them tbrougli jiipes to the firing-place. 'I'liese frequentiv proved 
unsnitable and the simpler methods of charging have been adopted, the 
TOlid, liquid, or mixed inaterial being scooped or ladled at suitable intervals 
into the heatmg-pans. I hese pans are changed after one or two d.avs’ work, 
according to eonvenienee, and freed from the cokey residue. A mod'em cast- 
iron lampblack furnace is sliown in Fig. 92 . 

1 he collector usually serves a number of furnaces, working together or 
sometimes alternately, when it is considered important not to let the 
furnaces and flues get too hot. In this case the furnaces are worked in 
snius ot one or two hours. 

The charging ol the furnaces must always he performed very quickly to 
prevent any great inrush of air into the interior of the furnace and chambers 
when the hre-door is opened, owing to the risk of explosive mixtures of 
mVworkmmr*'^ forming and causing great damage to the plant 

The heat generated in the furnaces is mostly wasted, only a few of the 






BLACK PIGMRNTS 419 

Urger works having arranged their plants so as to utilise the considerable 
heat for steam-raisinp:, drying-rooms, or other piirjwses. 

The coUeclors are also constriicte<l as simply as iwssihle. The plant con¬ 
sists of a series of Hues placed one l)esi(Ie or above another, divided into 
chambers by partitions, and leading to a common chimney. The vapours 
charged with lampblack describe a tortuous course, the deposition of the 
black being facilitated by the baiHing eflfeet of the partitions. 

Tig. 93 shows a ground plan of a modern soot.-pigment oolleeting plant. 
On the ground Hoor the combustio!! piojlucts are led from the four furnaces, 
ff, through pipes into the lint chamber, li, and the first eolleetor, (\ At the 
end of (' the gases are obliged 
to pass into 1), and tlienee they 
ascend to the upper floor through 
the opening, F, in the roof of }) -- 
i.e., ill the floor of G. In (•’ the 
vapours are turned back, in II 
forward, in J back again, and are 
finally led into the chimney, X-. 

Partition walls are placed in these 
flues (as indicated by the lines 
marked on the plan), by means of 
which the gases are obliged to 
describe a zigzag course. On the 
other hand, doors arc provided at 
t in the side walls of the upper 
floor, which doors arc kept closed. 

F'. is a small lean-to ehamlier on 
the ground floor. The dimensions 
of the Hues depeml on the (piantity 
of black to !»e collected in the 
chambers. As a rule, large lamj)* 
black works form rather imposing 
structures, the more so because the 
flues are not Imilt very low. 

'I'he soot-house is strongly built 
of brick, and, in order to avoid excessive thickness of llie walls, is con¬ 
structed, at least on the ground floor, of double walls, with an intermediate 
air space for insulation. This is necessary in order to prevent excessive 
cooling of the flues, c.specially in winter, and the conse<|uent loss of draught 
and the deposition of moist black. There are no windows, but a number 
of iron valves (closing by their own weight) are provided on the outer walls 
of the ground floor, to Jict as safety-valves in the event of an explosion 
in the interior of the flues. Under careless management an explosive 
gas may be formed from the air and the distillation products of the raw 
material. 

On each side of the ground floor an isolated iron double door admits to 
the inside, and two doors lead from the annex, E, into the flues. Inside the 
walls are faced with very smooth, first-class liricks, and the bottom is made 
of brick or sandstone flags resting on a bed of coke. The hot chamber, B, 
Js lined with firebrick. The joints in the walls are scraped out to a depth 
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of J in. and pointed with fireproof cement, so as to allow the edges of the 
bricks to project a little. The building has deep foundations in various 
places, especially where a high temperature prevails inside, and must be 
thoroughly dry before being opened for work. No exposed ironwork is 
allowed in the interior of the chambers, as it is easily corroded by the 
acid gases, and liable to contaminate the lampblack. 

1 he furnaces are kept at work for two to four days with closed doors, 
until a suitable quantity of soot has settled down on the inside of the flues. 
The evening before the flues are to be emptied one door may be opened and 
left open all night to cool the interior of the chambers enough to enable the 
workmen to enter for a certain time without danger to health. 

Fig. 93. 


t 



During the process a uniform temperature must be maintained in the 
interior of the works, and a constant draught kept up to convey the hot 
gases from the furnace into the chimney. This draught must not be too 
strong, but should be kept moderate by the foreman adjusting the dampers 
for admitting air to the furnaces, as .also the openings (usually several) 
through which the gases pass from tlie last flue into the chimney. The 
black settles chiefly,in the first two flues, the quantities collected in the 
others being always less considerable. The black, however, is finer and 
purer in the latter, that dejmsited first (especially if the process is well 
managed) containing more or less unconsumed decomposition products 
(empyreumatic resins), or distilled oil, sublimed naphthalene, &c. These 
impurities make the black heavy and moist, and thus cause it to deposit 
quickly. Even in the end flues the fineness of the black may be impaired 
if the temperature is not high enough to keep the moisture formed in the' 
process in the state of vapour until it reaches the chimney. 

These facts prove the importance of a correct temjierature inside the. 
works during the whole process; hence the draught should be restricted 
during night time to prevent excessive cooling of the flues when the workl 
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U to 1)€ continued next day. The regulation of the air supply to the furnace 
and the out6ow of gases into the chimney must he adjusted to the reipiire- 
ments of the material, the weather, the state .and direction of the wind, and 
to the tojwgraphic situation of the building. 

In spite of all care, however, the gases issuing from the chimney will 
still contain lampblack, and a certain loss always ensues, which is the more 
serious because of the inconvetuence it causes to adjacent property, and is a 
frequent source of complaint. No perfect remedy has yet been devised. 
Large filters of sacking have been put across the end flues to retain the 
black whilst allowing tlie gases to escape, but these filters soon get choked, 
even if frequently beaten, and the progress of the work is ohstnicted. In 
addition, the heat soon destroys the sacking. Various kinds of wire gauxe 
have also been tried, but these also choke up (juickly. 

Amongst other screening devices, that hv John and others similar to it 
consist of a variety of Venetian Iflinds placed in the last partition before the 
gases enter the chimney, and so adjusted that the g.ises impinge on the 
sloping imdallic strips of the blind. The particles of black collect in flakes 
of various sizes, and fall down on the <»thcr side of the blind, whilst the gases 
pass through easily. 'I'lie a))parutus works satisfactorily in boiler flues, &c., 
but not in the case of lampblack free from ash. IVenivr ron Stemeux’ xjnral 
(lejiectorx are said to give better results, the centrifugal motion imparted to 
the bl.ick causing it to settle on Uie walls of the spiral, 'fhe spiral is 
jacketed by a second pipe, and as tlie gases jiass from llie spiral into the 
jacket the particles of black are driven against the wall of the latter and 
fall down to the bottom, and the purified gases escape. 

According ti '"imm'x patent, the flow of tlio healing gases is checked 
by reversing it insMe the ehimnoy. The black strikes against the wall at 
the turning-])oint, and is driven into a spiral pipe. 

In other methodstlie gases are drawn by exhaust fans through a water seal, 
which retains the black on the surface. 'I’he latter, however, though it will 
not mix with the water, will absorb moisture during prolonged contact, and 
becomes damp. 

According to the experiments of /Wgc, high tensum electric currents 
are sjiid to separate llie Lampblack from the gases, but this method can 
scarcely be used in practice, owing to <*xp(Mist‘. 

Although it is certain that in many cases the gases can be freed from 
the lampblack to a certain extent by mechanical appliances under favourable 
local conditions, the problem has not been properly solvc*d. 

According to the capacity <»f the furn.ace ;nid the dimensions of the 
collecting dampers, the process lasts three to five days, and the lainphlack 
is then taken out. This should be done a.s <juickly as possible, in order to 
save time and enable work to be restarted with the smallest delay, and also 
because the men cannot stay long in the hot eh.-imhers. 'J'he packing of the 
lampblack is also a very troublesome affair, owing to the bulky and flocculent 
nature of the product, so that it is desirable to clear the flues ns quickly as 
possible and get the black into a nxun where it can be lacked in (romfort. 
The doors, t, t, leading to the annex, L', and tiie outside <Ioors on the first floor 
are opened. The workmen enter the u|)per flues first, open the doors (closed 
during the burning process) in the jMirlition walls of the flues, and scrape all 
the black into the hole, F, in the flue, O', by the aid of tools resembling 
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snow-shovels Tliruu#{h this hole, which is fitted with a barrier to prevent 
accidents, the black falls ii»to the flue, 1). The doors are all closed a^aiii, and 
the men enter the lower Hues, where a j^reat quantity of black has settled 
down already, and can be swept with soft brooms into the annex, K The 
doors are then closed again, and the process can be resumed immediately 
while the workmen pack the black in A'. In many cases the black is 
removed from the upper flues oidy at long intervals—for instance, eveiy 
three or four weeks. 

During this operation the men carry lanterns and wear respirators. As 
a rule, no other safety apparatus is worn, owing to the great heat of the 
rooms. Before the men enter tim flues the latter must be thoroughly venti¬ 
lated, and when the work is over the men must have an opportunity of 
washing themselves properly. 

The packing of the black requires a certain amount of skill. 'I'he black is 
filled into sacks, and compressetl as much as possible by stamping with the 
feet. When the volume is reduced by this means, the mass is transferred to 
large sacks or casks, or to small bags, and pressed by machinery. 

If the buiUling has been properly constructed and in use for some time, 
so that the black is no longer contaminated with particles from the walls, 
&c., and if the process has been well managed, the resulting black may be 
used for all purposes without further purification (as was often necessary 
ill former times) by calcining, sifting, and fanning. 

Flame black should be dry and light, and when strongly pressed in tlie 
hand must not ball like clay, but fall apart on opening the hand and trickle 
between the fingers. Heated in a .small test-tube, it should give oft* only a 
little water, and still less oily distillation products. W'hen a small (juantity 
of pressed black is laid on a filter paper and treated with benzene, the 
liquor penetrates through the black into the jwper and extracts any soluble 
p^irticles (oil, empyreumatic resin) present, which stain the paper brown or 
leave a brown ring when the benzene has evaporated. I'his coloration, 
liowever, must be very slight in any case, and entirely absent with good 
blacks. More precise tests are made by heating a weighed quantity of the 
black to gentle red heat in a |)orcelain crucible traversed by a slow current 
of hydrogen, by means of whicli contained moisture and empyreumatic bodies 
are driven out and consumed. The loss in weight gives the quantity of these 
impurities. To determine the ash, the black is heated in oxygen or is dissolved 
by boiling with a mixture of strong nitric acid (sp. gr. 1 •I.')) and sulphuric 
acid (sp. gr. 1815), expelling the acids by concentration, and weighing tlie 
residual ash. 

If the black is not well made— e.g., if it contains too much empyreu¬ 
matic matter and moisture—it must be calcined. Formerly this operation 
was performed by suffusing the black with peti’oleum, spirit, or oil of tur¬ 
pentine in an open vessel, and igniting the oil, &c., the impurities being 
burned ofl' by gently stirring the mass. Another method was to fill a barrel 
with the black, bury it in soil, introduce a burning rag, and thereby eliminate 
the empyreumatic matter. 

The calcining is now done in as described in the manufacture ot 
carbon blacks, or in tall, narrow iron drums, which are heated in a calcining 
furnace until no more combustible gas escapes from the cover, which for 
this purpose h^ a small opening, or is put on loosely. Calcined black must 
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be quite cold before it can be taken from t)ie calcining pots; and is 
also pyrophoric. Continuous calcining is effected in the furnace shown in 
Fig. y k The inclined calcining }>ipcs, firmly set in brickwork, arc strongly 
heated; the black is introduced at the upper end and nnxlerately pressed 
with iron crutches, the lower end of the ]>ipes being cl(»sed with a cap. 
When the pipe is filled, tlie 

upper end also is closed by a Fiu. 94. 

cap conbnning a hole, and the 
pipes are raised to a dull red 
heat. The calcining is finished 
when combustible gases cea.se 
to escape from the hole; and 
after cooling for a short time 
the hot black can be trans¬ 
ferred quickly into tightly 
closed iron drums (to prevent 
access of air), in which the 
calcination is continued. The 
process is always a most 
troublesome one, causing con¬ 
siderable loss, but this loss can 
usually be avoided by good 
management. Formerly black 
produced in defective plant 
had to be caKiued two, three, 
or even more times. 'I'he pro¬ 
duct wjis classified into “ double 
calcined,” triple ca!cined,”&c. 

Black is freed from mechan¬ 
ical impurities by treating it 
with fans, sifting machines, 

&c., various type.s of which are 
known. 

Other methods of purifica¬ 
tion consist in extracting the 
black with spirit, l>enzene, or 
caustic soda, so long as these 
liquids continue to dissolve 
colouring matters from the 
black. In the last-mentioned 
case the black must afterwards 
be washed with strong acids, and finally with water. .Strong sulphuric acid 
has also been used for purifying lampblack. 

All these complicated, troublesome, and costly metlmds of purification are 
now out of date, the product obtained in modern, well-managed works 
needing no purification, and being fit for immediate use for nearly all 
purposes. 

As already mentioned, the various uses of lampblack require it to 
possess different physical properties, though the chemical nature is always 
the same. For certain purposes lampblack of a high specific gravity is 






preferred ; and with this object a number of apparatus are constructed" tif^. 
regulate the con»bustioii, eitJier by a special system of introducing the air, or 
by partial distillation or combustion of the pro<lucts of dislillalion on the ’ 
heated walls of the apparatus, &c. According to the yy/rt/wvV.'.cr process, solid, - 
liquid, or melted raw materials are atomised and igjiited in a heated arched 
chamber. When substances are burned in open vessels which easily become 
hot, so as to give rise to the danger of an oxidation of the carbon (to carbon 
monoxide or dioxide), the vessels are cooled by being placed in a tank of 
running water. 

A special method has been patented by the Cologne I^ux.sfabrikefi A.G, 
(Ijamphlack Co.). The tar used as the raw material enters a long cylindrical 
furnace fitted with an internal worm conveyor. The tar is ignited in the 
feed chamber, placed in the front end, and is conveyed in a burning state to 
the further end of the rotating cylinder, where it enters a chamber, from 
which the resulting black is led into the collecting-rooms, whilst the uncon¬ 
sumed residue (pitch, &c.) runs away through a ))ipc. The projmrlion of air 
to the burning tar can be regulated exactly. 

Tar will yield 20 to 2.5 per cent, of black, whilst crude naphthalene 
gives up to 40 per cent. Resin gives about 20 per cent., pitch 15 per cent. 
Light oils are not suitable for producing fianje black, because they partly 
distil unburned, and afterwards settle on the black in the collecting-chambers, 
thus lessening the <juantity and value of the output. 

True Lampblack 

Lampblack is superior in fineness to flame black, and is also much softer 
and of a deeper colour. Lampbl.-ick is j^rodneed from oil in wick lamps 
similar in shape t<» the ordinary houseliold petroleum lamp. Large flat 
burners are used, generally two in each lamp, tl»e wick being adjusted care¬ 
fully by means of a sliding register, so that the flame temperature, on which 
the correct production of black <lepcnds, can be regulated exactly. Mineral 
oil is mostly used (solar oil, or distillates from American or Ru.ssian petro¬ 
leum), ami the capillarity of the wicks must be adapted to the viscosity of 
the oil. The lamps are mostly filled from a central tank winch communi¬ 
cates with all by means of pipes, a constant level being maintained by a ball- 
cock. Over each lamp is placed a sheet-iron pipe (Fig. })a), throtigli which 
only very little air can enter from below—viz., just enough to keep the 
oil burning. In this j)ipe the smoke (lampblack) and the pnalucts of com¬ 
bustion are led through the wall into a brick chamber (the pipe being bent 
at an obtuse angle for the purpose), where the l)ulk of the black settles 
down. The gases pass from the first chamber into a second and sometimes 
a third one. Whilst the first chamber is solidly built of brick, on account of the 
danger of fire, the others are made of sacking stretched on wooden frame.s, 
thus allowing the gases to pass through, whilst retaining the black. Finally 
the gases pass through a series of bags, where the final particles of soot are 
collected. The sacking walls and sacks are freed from the adhering black' 
by beating them from time to time, so as to prevent stoppage of the 
draught. 

Another method sometimes used consists in retaining the black on 
artificially cooled metallic surfaces. For this purpose Prechtl Arranged the"' 
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V>np flame under hollow sheet-iron eyiinders, cooled by a flow of water 
entering through the hollow shafts. The flame is very close to the 
cylinders, and the black settles down almost completely thereon, being 
then scraped olF by a suitable knife, so that a fresh surface it continually 
presented for the deposition of the black. Such as does not settle down 
is drawn off with the hot gases through an iron cowl Into a collecting* 
chamber. 

In another method the flames ai*e situated inside rotating evlinders, 
cooled by water running over the outer surface. The black settles on the 
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inner walls of the cylinders, an<l is removed by aid of a suitable knife, which 
also transports it to the other eml of the cylinder, where it Is discharged 
into a eollecting-box. 

According to a recent patent, (ieufhv burns melted naplitbalene in wick 
'^mps, the wicks and duets being cooled to prevent sublimation of the 
Ijl^urncd najditlmlcne. 

^ 'I'hcsc methods of lampblack manufacture furnish a very good ])roduct 
for certain ])ur])OKCs, but in comparison with gas black, wliieii yields the 
finest brands of soot pigmcJits, are loo (‘ostly, and tlierefore now very 
seldom employed. 'I'be yield amounts to about !(> to *20 per cent, of the oil 
consumed. 

Gas Black (fi/w Soot) 

On account of their high price, the lampblack above described and 
gas black are only used for certain purposes, especially in making printing 
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inks—lithographic and bookwork printing—Indian inks, and the finest 
(|Ua)itie$ of crayons. 

I’he raw material is I)urned in the gaseous state, and therefore a supply of 
gas, either from a gasworks or in a natural state as it issues from the earth, 
must be available. 'I’he bulk of the gas black made is obtained from the 
latter source, especially in certain parts of the United States, where since 
1881 the manufacture of gas black has developed into a very large industry. 

Tlie gas which issues from the earth is 
collected, and is used not only as a raw 
material for making black, but also as a 
source of j>ower, light, and heat. The 
employment of such a raw material ren¬ 
ders the manufacturing ])rocess particu¬ 
larly clieap and suitable. 'I’lie output of 
gas wells varies, of course, very consider¬ 
ably, and tliercfore tlio gas-black works 
are constnicted so that wljen the supply 
fails the plant can l)e removed at once to 
the vicinity of a new’ well and worked 
there. 'I'lie output of tlie American gas- 
black works is very considerable, one 
works consuming, according to American 
statistics, twelve million cubic feet of gas 
per diem. Since 8000 cubic feet of gas 
yield 1 lb. of gas black, the daily produc¬ 
tion of it is therefore 1.500 lbs. 

The JMifopean black industry, of course, 
has great difficulty in facing such conjpeti- 
tion, and therefore only a few gas-black 
makers produce their own gas. In (Ger¬ 
many the gas oil produced in 'I'huringia 
from lignite—which is also used to pro¬ 
duce the gas for lighting railway carriages 
—is employed for making gas black. 'I’he 
pbmt for gas-blaek making is similar to 
that used in making coal gas. The oil is 
run iii a continual stream into retorts 
about t) ft. long and ft. wide. The 
gas, with the aepmous and tarry products of combustion, first enters a 
vessel, wliere most of the tar and water settles down; it is then put 
through a washer, and passes into a j)urifying and drying ap|)ai'atiis 
charged with lime, wliencc it is led througli a meter into tlie holder, 
from wliicli it is conveyed through pipes into the burning ap})aralus. 
Instead of rich gas conbiining much carbon, gases low in carbon are 
carburetled with benzene, &c. in special apparatus, anti afterwards burned. 
Attempts have also been tnade to burn acetylene to gas black, on account of 
the deep colour of the product, but without much success.* On the other 

* Ai* a umtU'r of fact, on account of great difficulties, some Continental makers 
have already nbtiniloncd the manufacttire of acetylene black, in spite of its fiigfi-class / 
properties. [Transi.atok,] 
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hand, blast*furnace j;as, winch at <uic time was merely treated for the re¬ 
covery of ainmouia, is now also used for making jjas black. I he plant used 
for this purpose, viz., for produciiio and collecting this kind ot black,is now 
very complicated. The Pnrftli'x cylinders formerly used arc now chieHy 
replaced by the Thalwilz apparatus, siuiilar to that shown in fM>. 1 he 
ictual collector is the plate A, about ins. in <liametcr, which has a project¬ 
ing rim top and bottom, the latter to keep the draught from the Hame and to 
retain the black, whilst the upper 
one holds the cooling water, which 
is replenished from a pipe as fast 
as it evaporates. The under side 
of the plate is smooth ; and live to 
seven gas flames, supplied from a 
common pipe, are placed under¬ 
neath, the black being deposited 
on the slowly rotating plate. The 
black is removed from the. plate by 
a scraper, and falls through the 
funnel, T, into the collector, S. In 
the middle of the plate is a hollow 
vertical shaft, which serves the 
double purpose of removing the 
hot gases froin the flames and sup¬ 
porting the WDrin wheel, F, which 
imparts the rotary motion to the 
plate, 'i'lie whole is mounted on 
the iron pillar, N, arid the casting, 

Z>, whicli supports the hollow shall. 

Tire burners are of the Argand 
tyj>e, and enable the admission of 
air to the gas to be regulated in 
such a way that the quality of the 
product can be varied as desired. 

The larger tl)c amount of air, the 
smaller the yield of black, but the 
product is fliier and better in 
colour. The work is continued 
day and night. About 280 cubic 
feet of gas are consumed in twenty-four hours, yielding U to 3 lbs. of gas 
black, according to the quality desired. Kach gas retort of above-named 
dimensions supplies enough gas for about thirty sets of the Thalwilz appa¬ 
ratus. 1 cwt. of gas oil give.s about 1000 cubic feet of gas and 5 to 8 lbs. 
of gas black (accordnig to quality). 

The plant devised by Hobert Drct/er also merits special mention, on 
account of its ingenious construction, especially the model which, in addition 
to producing a con.siderable quantity of gas black, also utilises the heat of 
combustion for raising sufficient steam to work the plant, with a surplus for 
other purposes (Fig. 97). The shallow water tanks cool the burner flames, and 
are connected with each other by the pipes rand with the upper closed tank, 
A, forming the steam chest. The whole forms a boiler, the several pjirts of 
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whic ^ ted. The gas flames are rotated under tne cooimg 

i^essels by the shaft, //, which also actuates the scraper and collecting-boxes^ 
rije shaft, H, is hollow, and supplies tlie gas to the burners. The apparatus is 
said to generate about 1 h.p,, one-half of which is consumed as motive power. 
There are ifiS flames, which in twenty-four hojirs burn about 1 i-jOOO cubic 
feet of gas, producing 70 to 90 lbs. of black. 'I'he whole ]>lant is enclosed 
in a strong building, provided with a chimney in the roof ibr the escape of 
the waste gases. 

Some of the gas-black plants used in America are very primitive, the 
flames merely impinging against stone plates, from which the deposited 
black is scraped o(F at intervals. In other works complicated machines are 
used, principally of the cylinder type. 

The black industry has been thoroughly investigated in the last few 
years in all its details, and various improved burners have been constructed 
to increase the output of ordinary flame black, for instance, or to produce' 
black of a specially dense structure or high specific gravity. A series of 
methods for this purpose have been patented by fVegelin. 

Frank produces carbon by allowing carl)on monoxide, carbon dioxide, ory 
derivatives containing these bodies to act on acetylene or carbides, the . 
mixture being passed through heated pipes or exposed to the electric spark. ■ 

Electricity is also used for black-making—for instance, by Houhon le. 
Rainey, who decomposes acetylene and hydrogen by electricity, with exclu¬ 
sion of air, and under pressure in a closed vessel, the resulting hydrogen 
being utilised to displace the air and to dilute the acetylene. 

Morani compresses a mixture of air and acetylene (also in presence of 
an exothermic gas) under a pressure of four atmospheres, and decomposes it 
by electricity, an explosion pressure of fifteen atmo.spheres being generated-, 
and carbon deposited. 

Berger and iVirth burn a mixture of acetylene and air in specially 
constructed burners. 

The FJekirhitats A.O., late Schnkerl Co., of Nuremberg, has a patented 
method for producingfmely divided black pigment from acetylene or alkaline 
earth carbides, halogen acids or their derivatives being obtained at the same 
time. Acetylene is exposed to red heat in presence of a lialogen deriva¬ 
tive of carbon, or a carbide is similarly heated with a halogen substitution 
product. 

V'arious attempts have been made to devise appliances for catching the 
black that does not settle down in the collecting-chambers and escapes 
through the chimney, but without much success in the case of fine blaclc 
free from ash, owing to its low specific gravity, 

Ogihy, of Cincinnali, has a patent for causing the flame to impinge against 
the surface of water, the black settling on the water and being recovered 
by filtration. The surface of the water may be still or in motion, and the 
flames fixed or movable. Solutions of hydroxides or salts added to the 
water are said to facilitate the deposition of the black.* ' 

* A process giving a gas blaclc of especial high value has just been patented,. It ii 
based the decomposition of hydrocarbons by explosion. [Tbanslator.] 




D.—ORGANIC COLOURING MATTERS 

AND THEIH UTILISATION IN MAKING 
LAKE PIGMENTS 

;^HE materials for colour making we have hitherto taken into considera¬ 
tion are exclusively of an inorganic nature, their coui|>oncnts being derived 
rom the mineral kingdom, cither directly or by the aid of chemical 
Processes. The organic world, too—the animal or vegetable kingdoms— 
contributes to the colour manufacturing industry. 'Fhougli up to the middle 
of the last century the quantity and selection of ]>igmcnU from organic 
materials were limited, their technical application has nevertheless been 
known as long as that of the inorganic colours. Aj)art from the pic¬ 
tures transmitted to us from the earliest periods of antii|uily, fragments 
of coloured materials made by the Indians, Persians, Syrians, Egyptians, 
Mexicans, and Peruvians have been found, and can be shown lo have 
been coloured by processes very similar to those in actual use, and with 
colouring matters belonging to the animal or vegetable kingdom. Even 
in the books of Moses purple is mentioned as the colour of the priests' 
vestments, and in the displays given in the Konian circuses the competitors 
were distinguished by their differently coloured dress. The ancient Hritons 
on the warjMth coloured tlieir bodies with wojid, a blue vegetable colouring 
matter. 

Legend tells us that the juices and blood of a purple snail bitten by 
dogs gave the first incentive to the dyeing of cloth. It is historically cer¬ 
tain that alkunet, woud, indigo, madder, broom, gall nuts, and various 
liclien colouring matters were used technically by the ancients—i.e., that 
the process of dyeing was well known. 

'rurning to the organic colouring matters, we shall here use the term 
“colouring matter” in a strict sense—*.c., a material used for colouring pur¬ 
poses. 'rile organic colouring matters given are, in tlie proper sense of the 
term, “colouring principles,” not “ colours” in the sense used for inorganic 
pigments. 'I’hcse latter arc almost exclusively used in a suilablc vehicle 
or medium, and applied to the surface of the material to be coloured. The 
compact mass of the colour covers the surface, and the colour and vehicle 
act together in masking the original shade of the surface— the effect is the 
result of mechanical action. 'I'hc material in question is therefore not 
coloured in the proper sense of the worti; it is only covered with an ojiaque 
. coloured c(mt. 

With tlie organic colouring matters the romlilioiis are entirely different. 
In the dry state these substances also are coloured bodies, but this coloration 
is often quite different from that exhibited when they are dissolved in water or 
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alcohol. Only a few organic colouring matters jwssess any real covering po> 
as a rule their aqueous or alcoholic solutions^ or suspensions, have no pigint - 
tary effect when applied to other than pure white surfaces. The organic 
colouring materials are essentially glaze colours, and for most purposes they 
become efficient when incorporated with other bodies, constituting a caii- ' 
or base of their pigmentary power. Hence their applic«ation necessitates a 
tinctorial process, by wliicli they are fixed on a usually white—colourless— 
foundation. This base may be a mineral body, in whicli case the products 
form the so-called pigment colours, or it may consist of vegetable or animal 
fibres, ill which event we have the processes of cloth dyeing or cloth printing. 
'I'hese two processes form the most important uses of tlic organic colouring 
matters. 

The fixation of the organic colouring matter on the base is usually 
effected by chemical means, the colouring matters being suitably pre¬ 
cipitated upon the base or developed on it. 

Cloth dyeing and ])rinting is a special branch, and of only small import¬ 
ance here, our main concern being with the pigment colours, which are 
known in the trade as lakes (lake colours), and are applied in the same 
manner as the inorganic colours. 

The organic colouring matters are classified into the following principal 
groups: 

I. Natural colouring matters. 

1. Of animal origin. 

2. Of rrgetah/e ongin. 

II. Artificial colouring matters. 

Coal-tar colouring matters. 

These latter colouring matters are obtained from coal tar (lignite tar and 
the petroleum industry also now furnishing the raw materials in certain cases). 
These artificial colouring matters are therefore also vegetable derivatives, 
and the coal-tar colouring matters may be regarded as the representatives of 
the brilliant tints which ages ago beautified the vegetation whose fossil 
remains we are now able to utilise in the form of coal. 

'I'he term “aniline coUniring matters,” very often applied to coal-tar 
colouring mutters even by colourmen, is wrong. Aniline colouring matters 
are, of course, always coal-tar colouring principles; but all the coal-tar 
colouring matters are by no means aniline colours, the latter being merely 
the first to be obtained from coal tar. 

The colouring principles of the vegetable and animal kingdoms m - 
exist ready formed in the organisms whence they are extracted ; ana '' 
when they are only in a preliminary condition they can be elaborated . 
simple means. 'J'lie method of extraction f rom the raw material is also very 
sim))le, as a rule. The coal-tar colouring matters, however, are never found 
as such in coal tar, tlie latter only funiisliiiig the raw material, or so-called 
medium or intermediate products, from which the colouring matter itself is 
manufactured by complicated and tedious chemical processes. Hence three 
difl’erent important industries principally contribute to the manufacture of 
coal-tar colours: the coal-gas industry furnishes the raw material, viz., the 
coal tar; the highly developed industry of the intermediate products, in 
which the necessary chemical compounds for making the colours are pro- 
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duced from the coal tar in a suitable state, aiui partly prepared so as to be 
In a condition available for the coal*tar colour manufacturing proper. 

Whilst, as already mentioned, many of tlie vegetable and aiymal colour¬ 
ing principles have been known and applied from the earliest times, the coal- 
tar colours are the products of modern chemical science, and their manufac¬ 
ture was begun in the middle of the last century. 'I'he industry, however, 
has grown to such an extent during its relatively hrief existence that in 
comparison with its products the inorganic pignu iits are of only very moderate 
imporbmee. 

In very many cases natural colouring principles have heen dis|)lace<l 
by artificial ones, usually of greater brilliance, and manufactured on a large 
scale, according to exact processes, which aflford a better guarantee of 
uniformity in the shade of the pro«luets. The raw material of the artificial 
colouring matters is always available, wliereas the Hiij)ply of the inaterials 
of aninial and vegetable origin is restricted to certain periods. Hence the 
artificial colouring matters are usually cheaper, and can he obtained in any 
desired quantities. In many cases tlie chemical composition of the natural 
colouring j>rinciples is exactly the same as that of the artificial ones by which 
they arc displaced —c.g., madder (alizarine) and indigo. The chemical com¬ 
position being identical, tlie properties, especially fastness to light, air, and 
chemical influences, must, of course, also he the. same, and the artificial product 
forms a complete substitute for the natural one. In general this chemical 
identity does not exist, but in most cases the artificial products have the same 
powers of resistance. Most of the products in both groups do not stand very 
high in this respect, and unfortunately the most brilliant sliades are generally 
the least resistant. As a rule, however, it is (juite erroneous to suppose, as 
is sometimes done, that the fastness of the artificial organic colours is inferior 
to that of the natural colours, some of them being even su))criorin point of 
fastness to light and air. 

With regard to the nomenclature of the organic colouring matters, the 
same lack of system is found as in the case of the inorganic colours. Whilst a 
large number of strange names, such as those indicating the animal or vege¬ 
table origin of the products, may be more or less admissible, the numerous 
fancy names devoid of meaning only lead to confusion and uncertainty in the 
trade. In most cases short scientific or historical names—rarely fancy names 
—have been adopted in the place of the often very complicated names based 
on the chemical composition of the jn'oducts, which are mostly (piite incom¬ 
prehensible to the general public. 

The application of the organic colouring matters will be discussed more 
closely later on, after they Imve been fully descril)ed. so as to facilitate 
comprehension of their manifold uses and teclmieal applications. At present 
we must consi<ler a particular form in which the organic colours are put on 
the market, namely, the lake colours. In this form the organic colouring 
matters are available for ail kinds of painting, and the colours, especially 
the natural colouring principles, are very often prepared in this form from 
the raw material. 

A lake Is formed wlien an organic colouring principle is fixed on a white 
(colourless) or coloured mineral body so that the product constitutes a uni¬ 
formly coloured mass of a certain power of resistance. I.rfike colours must in 
particular be fast to water—z.e., the lake made from the aqueous solution of 
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a colouring matter must stand washing without parting with its colouring 
principle to the washing water. A lake, therefore, consists of the colouring, 
matter and its carrier or base. Of this most simple type with two com¬ 
ponents, however, only a few examples are known, viz., those possessing a 
certain chemical affinity between the colouring matter and the base, .so that 
the two combine, and the colouring matter is consequently fixed on the 
carrier. In most cases the fixing of the colouring matter must be effected 
by a secondary chemical reaction, the aqueous solution of the colouring 
matter being mixed with the base, and one or more precipitating agents 
(acids, alkalies, or dissolved salts) afterwards added. In this way an insoluble 
coloured mass is produced, and at the same time is precipitated on the base. 
Sometimes tlie base and the colouring matter are precipitated simultane¬ 
ously. In certain cases saline solutions are added to the precipitating 
agents for toning purjwses. 

Ill consequence of the very divergent chemical properties of the organic 
colouring matters, the methods used for fixing and precipitating the colouring 
matter on the base vary considerably. Tins will be fully discussed in a 
special section. As a typical example, a simple scarlet lake may be given, 
the base consisting of artificial barytes, china clay, common clay in a state 
of suspension, freshly prepared aluminium hydroxide, or a mixture of two or 
more of these materials. The solution of scarlet colouring matter is added 
to tliis base and well stirred. A solution of barium chloride is used as the 
precipitating agent, and fixes the colouring principle on the base in the form 
'',of an insoluble barium compound. The ))roduct, after being waslied, dried, 
a?id ground, forms a scarlet powder, or scarlet lake. 

As already mentioned, the carrier may be one or several suitable 
bodies, according to circumstances. The most suitable base for lake 
pigments is aluminium hydroxide, this base giving the purest and most 
brilliant, perfectly transparent lakes, of great im|>ortance in tlie graphic arts 
and as artist’s colours. The three-colour printing process, now practised in 
such a high state of perfection, depends upon the use of perfectly trans¬ 
parent lakes. Such products are, of course, generally the most costly lakes. 
For many purposes, however, this transparency is not only unnecessary, but 
also unsuitable—for instance, in decorative painting, wall-paper printing, &c.; 
and in other cases, again, it is found desirable to reduce the cost of the lakes by 
the addition of cheaper material—c.g., mixtures of alumina with china clay, 
gypsum, barytes, lead sulphate, green earth, &c.; or the alumina may be 
omitted, and then the products have very little transparency; lead sulphate,, 
&c., will give perfectly opaque colours, which are also for the most part 
cheaper. The cost of a lake is, however, primarily determined by the 
colouring matter used, and not by the base. Lakes are put on the market 
in the form of a dry powder, irregular small lumps, and in certain regular 
shapes—drops, cones, tablets, &c.—and for many purjioses, especially wall- 
{laper and fancy pajier manufacture, tlie lakes are supplied in paste form. 
The plant for manufacturing lake colours is the same as already described ini. 
the section on mineral colours. 

In the dyeing induxin/ the base to be coloured consists of vegetable ’<*• 
animal fabrics—linen, cotton, wool, silk. If these materials were rubbed*^ 
with a mineral colour—for instance, chrome yellow or iron red—they would" 
be ap{)arently stained, but on washing or simply rubbing the fabric all the^ 
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mineral colour^ being only superficially applied, could be easily and entirely 
removed. 

Properly dyed fabrics can be rubl)ed, beaten, or washed in water witliout 
parting with any of the colour. On examining the two materials side by 
side under the microscope, the one treated with mineral colour will exhibit 
the single, isolated particles of colour on the surface, wliilst the fabric dyed 
with organic colouring matter is found to be coloured throughout tlie whole 
mass. 

To bring an organic colouring matter into a suitable state for dyeing pur¬ 
poses it must be in the finest |K»ssible stale of division, viz., dissolved in 
water or alcohol, these being the prinei{>jil solvents for all organic colouring 
matters. If small pieces of cotton, wool, and silk are dipped in such a solu¬ 
tion, all three will be dyed ; but they will not all retail^ the colouring 
matter when treated again with water. If, for instance, wool be dyed with 
an alkaline solution of phenolphthaleiu, it becomes red, but turns white again 
on being afterwards treateil with water, and therefore gives the colouring 
matter up again. Dyed with magenta, bow ever, the wool remains red even 
after being washed with water. If silk be used in place of wool, a real dyeing 
is again obtained with a solution of magenta; but in llie case of cultoii it will 
be observed that this fabric is not at all able to retain the mageiibi. It is 
thus evident that the animal and the vegetable fibres differ in their be¬ 
haviour towards the same colouring matter—a circumstance necessjirily due 
to a different chemical composition of the fibres. On the other hand, it can 
be observed that different colouring matters do not always act in the same 
way on one and the same fibre, and this, of course, proves a difference in the 
chemical composition of the colouring matters as well. 

Generally the dyeing process needs assisting by other chemical reactions, 
and only rarely does the colouring matter act directly on the fibre without 
any further aid. This assistance is given by tl)e addition of materials able to 
form insoluble compounds with the coloiiring matter, and to keep the latter 
fixed on the base. 

The application of the organic c(»louring matters, therefore, is based on 
tw'o different methods: either the material to be dyed fixes the colouring 
matter on itself, in consequence of certain special properties, without any 
supplementary reactions being needed, or else this fixation requires the 
assistance of an auxiliary chemical reaction, in the first case the coloration 
is not a mechanical one, and is not to be compared with the above meidioned 
coloration by chrome yellow or iron red, but must be regarded as a chemical 
process, the substance to be coloured and the colouring matter reacting in 
such a way that a perfectly characteristic com{>ound, a salt, is formed. The 
same is the case with the coloration by means of adjuncts, only that the 
compound will be more complex, tliree or more components—colouring matter, 
substance to be coloured, and one or more additional materials—being con¬ 
cerned. In these complicated processes chemical and mechanical phenomena 
occur jointly. 

Colouring matters which fix themselves direct on a suitable base are 
<»lled substantive colours. Magenta, for instance is a substantive colouring 
matter with regard to animal fibres. Adjective colouring matters, however, 
require some external chemical reaction to effect fixation. 

A closer examination of the chemical properties of the colouring matters 
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shows that some act like acids^ other's like bases. They are therefore classified 
into acid and basic colouring matters, ft is not difficult to form salts from* 
materials qualified in such a way. When acid colouring matters are united' 
with bases, and basic colours with acids, salts are formed, in the same way 
as lead chromate, for instance, is made from chromic acid and lead com* 
)>ounds. 

The process is less simple with colouring matters of unknown chemical 
composition, or whicli are more or less inert in a chemical sense. Of these 
materials the so-called dei'clopiiig colouring matters are such as, being insoluble 
or very sparingly soluble, must be developed from their components on the 
material to be coloured, or first reconverted by a reducing process into a semi- 
prepared state, in which condition they are placed in contact with the material 
to be coloured, and are then re-formed by an oxidising process. Other 
colouring matters require a preparation of the fibre or the mineral body to 
be coloured with metallic compounds, which in this case are called mordants. 
These colouring matters are the so-called 7nordatU or adjective colounng 
matters. It is very often j)ossible to obtain quite different shades with one 
and the same colouring matter, according to the mordant used, wliich fact is 
extensively utilised in practice. In the case of the so-called salt colouring 
matters, ihti colouring matter is deposited from the solution by means ot 
Glauber salt, common salt, or other snnilar chemical com))ounds, which i»i the 
colouring process do not act by chemical means, but indirectly by their 
presence only. On the sntjiue colouring matters the colour is formed only 
after the colouring jmnciple has been absorbed by the material, and oxidised 
on addition of soluble sulphides. 

The elements forming the organic colouring matters are carbon, hydrogen, 
oxygen, nitrogen, chlorine, bromine, iodine, sulphur, arsenic, and vanous 
metals and alkalies. 1'he colouring matters are not only simple organic 
compounds, but are, as salts and halogen compounds, combined in a great 
variety of ways with inorganic and mineral bodies. 

In view of the great divergence in their properties, and nature and 
method of llieir application, it is quite impossible to classify the organic 
colouring matters systematically on a scientific basis. Hence our desire in 
the foregoing remarks has been merely to give a general review of the 
properties of tlie organic colouring matters, particulars or details being 
passed over in order to avoid subsequent repetition. 'I’he coal-tar colouring 
matters, however, whose discovery and application is based on a systematic 
scientific research, have been thoroughly investigated, and can therefore be 
properly classified, as will be done later on. 

The study of the coal-tar colouring matters has also ftirnished theories of 
the dyeing process, to which we will refer in discussing the coal-tar colours 
themselves. 





PART I 

NATURAL COLOURING MATTERS 


I.—COLOURING PRINCIPLES OP ANIMAL ORIGIN 
I. Carmine 

The Coccus cacti, an insect living preferably on the nopal plant, on which it 
is also reared in other places, is indigenous to Mexico and C’entral America. 
The females of this insect are collected shortly before the laying season, 
and are killed by steam, hot water, or dry heat, the bodies being dried and 
sold as a colouring matter in the shape of small oval corpuscles, about in. 
in length, under the name cochineal (cochenille, coc«o«c//rt)~lhe raw material 
of carmine. 

The eggs on the ventral side of the insect are covered with a grey 
dust, whicli remains after they have been killed by the aid of dry lieat. 
Cochineal produced in this way is called silver-grey cochineal (or taspeada). 
On being dipped into hot water, some of the red colouring matter exudes, 
and dries on the surface of the cochineal, which is then brownish red or 
dark coloured, and is called black cochineal {negra or renegrida). 

Cochineal w'as known previous to the discovery of America, and althougli 
the Coccus cacti was already cultivated, cochineal was believed to be a 
vegetable product until llunscher in 1729 demonstrated its animal nature. 

Jn the beginning of the nineteenth century, the cultivation of cochineal 
was extended to the Canary Islands, Algeria, Java, and Spain, so that at 
present a considerable number of different kinds are sold. Honduras 
cochineal is the most valued kind. 

Cochineal is packed in rush or bast bags, the so-called seroncs, holding 
about 160 to 170 lbs. About 6.5,000 insects go to 1 lb. of cochineal. 

‘ The colouring matter of cochineal is carmine, consisting of more or less 
pure carminic acid. The recii)es for manufacturing carmine from cochineal 
-are numerous, the best, however, being kept secret. They are based on the 
fact that hot aqueous extracts of cochineal gradually dejxjsit a very fine 
red powder on the addition of small quantities of acids or saline substances. 
The pure carmine is sold as a powder or pressed into blocks, 
v- At one time the prepared or ammoniacal cochineal {cochemlle am7noniacale) 
was used in dye-works in place of true cochineal. For this purpose pow¬ 
dered cochineal is digested with ammonia (out of contact with air), and 
the resulting jMiste left to itself for about one month. 'I’he excess of 
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ammonia is evaporated by heat, the residual paste being spread out in thick 
layers on clotlis and allowed to clry. Prepared cochineal is sold in lumps 
or small tablets. 

The combination of the colouring matter from cochineal and the other 
constituents of a decoction of cochineal with alumina—sometimes also tin— 
forms the well-known carmine lake (Florentine lake, Munich lake, Vienna 
lake, Venetian lake, ball lake, crimson lake, &c.). Tile precipitation is 
effected by adding u solution of alum to the decoction of cochineal, followed 
by sodium carbonate. The resulting aluminium hydroxi<le jirecijiitates the 
colouring matter, and forms, when dried, a carmine-red powder of a violet 
tinge. If a more scarlet-red shade is desired, a little tin chloride is added 
to the alum solution. The intensity of the resulting voluminous precijiitate 
can be modiffed according to the needs of the trade, the tint varying 
inversely with the amount of alum used. 

Refore the discovery of the red azo colours (see later, under “coal-tar 
colours”) cochineal was chieffy used for dyeing scarlet shades which could 
not be obtained in the same brilliancy by other means. Various mordants 
were employed, alumina mordants giving violet-tinged carmine colours, 
whilst tin mordants furnished scarlet tones. C’ochincal is now of much less 
)m|)ortance, and is only used as a water colour jin spite of the much faster 
alizarine carmine, which has the same shade, ami even the same brightness— 
Tiiansi.atob], and as a stain for microsco^ncal preparations, being non- 
poi.sonoiis, carmine is also used for making face powders, as well as for 
colouring sweets and products of the culinary art. 

2. Lac-Dye 

Lac-dye and lae-lac are products very similar to cochineal in origin and 
Rp])licati<m. I’hey are obtained from an exudation product formed 

on certain species of Fivun by the punctures made by a lac insect very 
similar to the cochineal insect, namely Voccus Uune, the gravid females of 
which bore boles in the bark of the trees, and become enclosed in the 
exuding juice, which hardens into resin. 'I'lie young grow u]) in the body 
of the dead mother insect, and crawl out, leaving i)i the resin the body of 
the mother insect and a red colouring matter, which is partly used as food 
during their growth. I’lie branches of the trees on which the insects re- 
])roduce tlieir species in the maimer described are covered with a brownish- 
red crust of resin, and are ])ut on the market in this condition as slick lac. 
On beating the resin from the twigs, it breaks easily into small pieces, and 
is then called seed laCy or grabi if in larger fragments. After melting and 
purging it from the colouring matter and dirt, this product forms the well- 
known shellac, which is sold in thin scales. Stick lac contains about 10 per 
cent., and seed lac 2 to 4 per cent., of colouring matter. 

Lac-lac is obtained by treating seed lac with a solution of soda or potash, 
followed by an addition of alum. This product, (containing an alumina-resin 
soap, is not often obtainable now, being little used in dyeing. 

A purer product, lac-dye, is obtained by treating the alumina precipitate 
from lac-lac with dilute sulphuric acid. The colouring matter and the 
alumina are both dissolved, whilst the resin is precipitated. The alumina 
lake is repreeijntnted from the acid solution by an alkali, washed, and dried.' 
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According to other reports, stick lac is treated in Benares with water—by 
women trampling it with the feet—until the colouring matter is dissolved. 
The filtered solution is then precipitated with lime-water, and the lime- 
lake precipitate is washed, pressed, and dried. 

Lac-dye is sold in lumps, small tabh^ts, and powder, dark brown to 
blackish in shade. Lac-dye is used in wool-dyeii»g, ]>roducing scarlet shades, 
and, es))eci!dly on addition of tin salt, gives fine bright shades, faster than 
cochineal dye, but less brilliant. 

The colouring matter of lac-ilye was believed to be identical with 
cochineal. SchiUzenber^er, and later UobeH E. Scbinitll, Imwever, assigned 
the tinctorial power to another body, laccainic aeid, wliich can be obtained, 
pure to the extent of alumt per eent. from lac-dye. 

Laccainic acid, C„.I1,,()^, crystallise.s in tablets or crusts, is soluble in 
alcohol, acetone, aeolic acid, dissolves sparingly in water, and is decomposed 
at ISO* C. 

.‘j. Alkermes (Kennex) 

Dyeing with alkcrmes is one of the oldest methods known, and is said 
to iiave been practised in the Kast in the days of Moses. I'liny calls this 
colouring matter coccigranum, and slates that it was employed in purple 
dyeing. Tlie Spaniards are said to have paid half of their tribute to the 
Romans in the form of this highly valued dye-stnlf. During the Middle 
Ages, too, alkermes was of great importance, the famous Venetian scarlet 
being obtained from it. 

This colouring matter also is derived from an insect (('oiriix i/ii'ix), found in 
Persia, of which several varieties arc known. In Morocco, Algeria, and Oran 
the insect is chiefly found on certain oak trees (stone <>ak and kermes oak), but 
also on other plants, wliicli are often entirely covered with this insect. 'Ihe 
females with young are globular in sliape, and grow as large as peas; they 
are brown-coloured, dusty, and are fixed on tlie plants by a flo<*culcnt mass. 
The dried bodies are sold in the gratiular form, and were at one time b(*lieved 
to be vegetable products; hence the old name /iermes berries (vegetable 
vermilion). 

Kermes gives yellowLsh-rcd sliadcs, and the colouring matter is believed to 
be similar to that of cochineal, certain authors, indeed, claiming it as identical 
therewith, but nothing definite is known on the matter. 

Cochineal has almost entirely displaced kermes, except in Turkey, where 
kermes is said to be considerably used for dyeing the national cap, the fez. 

4. Indian Yellow, Purree {Purrea Arabica, Piuri) 

This colouring matter is a product of animal metabolism, and is exclu¬ 
sively prepared at Monghyr, a city of Bengal, from the urine of cows, fed on 
the leaves of the mango tree. The fresh urine, of a bright yellow colour, is 
boiled down in earthenware vessels, and dejwsits a yellow mass, which is 
strained through calico, made into balls and sold in this .shape. One cow 
produces daily about three-quarters of a gallon of urine, giving about two 
ounces of purree. 

Purree is sold in different brands, marked A (best) to G. Ihe balls are 
bright yellow on the inside, and of a dirty greenish to brownish colour outside. 
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The colouring principle is the magnesium and calcium salt of the euxantbic’’; • 
acid, C|,H„P|,Mg + 5H,0. The better brands, A to D, contain about 65 per 
cent, of euicanthic acid, the poorest brand, G, only about .S4 per cent. The ' 
less the quantity of euxanthic acid present, the greater is the content of 
euxanthon, a decomposition product of the acid. Both substances act as ; 
yellow dyes, euxanthic acid, however, being the stronger. 

hulian yellow is no longer employed for dyeing, but is used as a water 
and oil colour by artists, and is one of the so-called permanent colours 
(normal colours).* It is adulterated with yellow aniline lakes or chrome 
yellow. It is tested by adding sulphuretted hydrogen to the substance 
suspended in water, a black coloration being produced if chrome yellow be 
])resent. On adding hydrochloric acid a colourless solution should be 
formed, depositing white flakes of pure euxanthic acid. If yellow aniline 
lakes be present the solution remains yellow. On supersaturating the 
solution in hydrochloric acid with ammonia a clear yellow solution should be 
formed. 

5. Sepia 

Certain species of marine cephalopods, the so-called sepia (or ink fish), 
have a peculiar gland, which secretes a deep blackish-brown liquor, in order 
to blacken the water for the purpse of defence against enemies, or to 
facilitate the capture of food. The sepia are caught on account of the 
so called os sepia, an oval concretion of calcium carbonate and organic 
substances, utilised in the arts and in pharmacy, and .also for their flesh, 
which is eaten in Italy. The liquor in the ink bag is dried, dissolved by 
alkalies, filtered, and the colouring matter, having been reprecipitated with 
hydrochloric acid, is again filtered, washed, dried, and ground with gum 
mucilage. 

Sepia serves as a watei* colour, and is one of the most permanent brown 
organic pigments known, being only slightly affected by exposure to light. 

The chemical character of sepia is not fully known, but it seems to be an 
organic acid. 

The best sepia is made at Rome. [Certain Chinese harbours, however, 
are the principl sources of sepia.— Translator.] It is sold as natural 
and as coloured sepia, the latter being toned to a somewhat reddish shade 
by the aid of a madder hake. An addition of umber can be detected by 
calcin.ation, and must be considered as an adulteration. In alcoholic 
solution sepia is employed as “ liquid sepia by artists. 

,6. Purple Snail 

The colouring matter of the purple snail is of merely historical interest, 
even though the inhabitants of the sea-coasts of Nicaragua and Costa Rica 
still use certain snails, I’urjmra patula and Purpura lapilks, for dyeing 
purposes. > 

The colouring matter is contained in a kind of pustule near the head. 
The pale yellow liquor does not change colour in the dark or under the 
influence of air, but rapidly turns purple in the light. S|)rcad on cotton, 

» Sre Inter, under " Tin' Applicirlioti of the Colours," Oil Painting. 
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the colour changes to green» then blue« and Bhally purple, a smell of garlic 
being noticeable. 

If the colour bag of the purple snail is treated with alcohol or ether a 
golden yellow' solution is obtained, turning purple in the air, and de)M)siting 
a crystalline powder of the same shade. This {)owder was named pnnicin 
by Schunck. 400 snails furnish about 7 mg. of pnnicin. 

The colouring matter is of no technical value. 

7. Mummy 

A colouring matter bearing this name is said to have been exlraolcd 
from Egyptian mummies, which varies in opacity according as it is 
prejKired from decayed inorganic materials (hones, iVc.) or from an extract 
obtained by solvents (chloroform, benzene, ^c.), the so-called ** niummyine." 
The value of this colouring matter is, at all evcuits, chieHy imaginary, being 
certainly not superior to umber or as])haltum. 

There is no distinct recipe for manufacturing so called ** genuine 
mummy”—e.e., a colouring matter obtained from human bodies. 


11.—COIiOURINa MATTERS OP VEGETABLE ORIGIN 

The colouring matters of vegetable origin are of greater importance than 
the animal colours, both in quantity and technical value, even though they 
are much less employed than was the case before the discovery of the 
artiheial coal-bir c()l(mrs. VV'e can therefore deal with most of them briefly 
and j)ass to the most important ones, which will be dealt with in alpha¬ 
betical order, not according to their chemical composition. 

Alkanet 

The colouring matter is obtained from the root of a plant, tlic Alcanna 
liuclona {Anchma tinctoria), belonging to the family of Boraginca*, and found 
in Spain, Italy, Hungary, Syria, the South of France, and the Peloponnesus. 
Another drug yielding this colouring matter is the root of the white 
Lawsonia [Laww/tia alha), inimhiting the Orient and East Indies. This latter 
is called true alkanet, the first-named faisc alkanet. 

The colouring matter, alkannin {anckusin), is a dark brown-red, resinous 
body with a metaUic lustre. It is obtained from the root by repeated 
extraction with water, until this latter is no longer coloured. The dried 
pieces of the root are then extracted with alcohol and the extract 
acidified with hydrochloric acid. The alcohol is distilled off, and the 
residue treated with ether, which dissolves the colouring matter. The 
last acid particles are taken up with water from the ethereal solution 
$nd evaporated to dryness. The residue is repeatedly treated with 
ether, and finally w'ith water, and boiled down again until a dark red, dry, 
amorphous mass is left. The formula of the pure product is (',^11,/)^. It 
is slightly acid, softeiKS to a plastic mass below 100^ C., but the real melting- 
point cannot be exactly determined. Alkannin forms with alkalies a blue 
solution, and is reprecipitated on acidification. 
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Alkannin was used for a short time for dyeing and printing silk and 
cotton. Violet shades have been obUuned with alumina as a mordant, and 
green sliades witli iron, but the colours were not permanent, fading quickly 
on exposure to light or alkalies. Alkannin is now only used for manufac* 
turing cosmetics and toilet articles. 


Logwood (Campeachy Wood, Blauholz) 

One of the most im])ortHnt colouring matters is obUine<l from the wood 
of lI(nnulo.ryloH campccManum, a tree belonging to the family CtesulpiniacefB, 
occurring in Central America, Mexico, and the Antilles, where it often 
forms large forests. Soon after the discovery of America Uie Spaniards 
discovered this wood and colouring matter, and brought them to Europe. 

The diflerent kinds of logwood are classified according to their country 
of origin, but the quality is usually indicated by the port of shipment. The 
inetluKl of cutting the wood also differs in the various countries. The 
Spaniards first brought logwood from Campeachy Bay, and called it Lignum 
campechianum, or Pa/o camper/tio. 

The Mexican and (’entral American woods are generally valued more 
highly than that from the Antilles. The most important kinds are the 
following (the ports of shipment being also given): 

Mexico: l abasco, (*anij)enchy, Yucatan. 

Haiti: Porte de Paix, Cape Haiti, Fort Liberie, Baineh, Acquin, ^c. 

San Domingo: Monte Christi, Manganilla, Sabanita, !kc. 

Cuba. 

Honduras. 

Jamaica : Port Mosa, Kingshm, Alligator Pond, kc. 

(Inadeloupe : St. Lucia, (Irenada. 

l'mroj)ean ports of destination : Hamburg, Havre, Rotterdam, Antwerp, 
Riga, St. Petersburg, and Liverpool. 

'J'he Mexican wood is imj)orted as stout barked logs, sawn on the one 
side, rough-hewn on the other. Honduras wood is sawn on both sides. 
Besides the origin of the wood, the age is also an important factor, young 
w’ood being less rich in colouring matter than old. The chemical composi¬ 
tion of the colouring matters has not been exactly determined; but the 
colouring matters of logwood and red wood (see later on) are known to be 
very similar, which is not surprising, since both ))lants belong to the same 
family, the Leguminosn*. 

At one time the rasped wood was used direct for dyeing, but not always 
with good results, and is now replaced by the exlracl. 

For the manufacture of the extract, the wood is first reduced to small 
pieces in various ways—cuts crossways of the grain, shavings, coarse powder, 
&c. (all, of course, by machinery). The colouring matter is present in the 
wood as a colourless chemical substance, a .so-called glucoside. The 
glucosides are combinations of sugar with other materials, and are decom¬ 
posed into their components by the action of acids, alkalies, or ferments. 
Since the plants contain natural ferments, this decomposition ensues if the 
wood becomes moist, and the wood is also subjected to fermentation by 
allowing the comminuted fragments to stand for some time in the air, 
occasionally assisted by damping. 
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The extraction is performed by different methods: 

1. The American Method. —The wood is treated in autoclaves at 1 to 
2 atmospheres pressure. This metluMl gives the largest yield, btit the extract 
contains imparities—resin, tannic acid, sugar, &<'.—which are Jiot favourable 
to the dyeing process. 

2. The Freiwh method is a simple process of extraction by boiling under 
ordinary pressure, and furnishes a good extract and satisfactory yield. 

3. The Diff'iision -This process is very similar to tiiat employed 

in the sugar industry. It is not often practised, being j)rofitable only when 
worked on a large scale. The yield is smaller than from I he other methods, 
but the colouring matter is of a purer and more uniform shade. 

The extract is allowed to stand for some time in large tanks to allow 
all the impurities—-p/Vd dc campt’chey “foots”—to subside. The clear 
solution is filtered through cloths and concentrated in autoclaves to various 
strengths. U[) to the density 10° B. the extracts are fluid, but those of 
density 30° to 4.'>° B. in tlie hot slate become solid when cold. 

The colouring principle of logwood is ha'matoxiftin, (’^11,/)^ +311^0, 
which forms yellow, transparent prisms, with a sweetish tasU*, and requires to 
be oxidised to convert it into the real colouring matter, luvmatc.'m, 

When hiematoxylin is dissolved in ammonia it oxidises rapidly in the air, 
and furnishes a red solution of the ammonium eomjxmnd of luvmatcin, from 
which the luematein can be precipitated with acetic acid. 

'file residling colour varies according to the oxidising agents employed. 
The sliades obtained with alkalies are blue-violet, and the solutions furnish 
with metallic oxides insoluble dark coloured lakes. When copper salts or 
chromates are used the colours are almost black. 

llwmatuxyUn from logwood was first obtained l)y Chevreul in 1310, and 
was afterwards studied more particularly by ICrdmaun and //me. W'hen 
haematoxylin is repeatedly crystallised in presence of a little alkali bisulphite 
it is obtained pure as colourless, columnar })risms, which part with their three 
molecules of water of crystallisation at 120° C. It dissolves sparingly in cold 
water, but is readily soluble in hot water, alcohol, and ether. Haunatoxylin 
is specially soluble in a solution of borax, forming a syrupy liquid when 
heated. When exposed to light, but out of contact with air, the crystals of 
Ineinatoxylin turn red without change of chemical composition. Hecma* 
toxvlin solution completely resists the influence of yeast or other ferments. 
Out of contact with air, haunatoxylin forms white salts with basic substances, 
but when air is admitted the alkalies act as oxidising agents and turn 
it red. 

The chemical constitution of hamiatoxylin is not yet clearly known, in 
spite of the close investigations made by various workers; nor has the 
fundamental hydrocarbon yet been isolated in a pure state. The formula 
calcidated by Erdmann and Hesse, is generally accej)ted. 

The actual colouring matter, haematein, is obtained from haematoxylin by 
oxidation with elimination of two atoms of hydrogen, the formula being 
(Haimatein must not be confounded with htematiii, the colouring 
matter of the blood.) 

Hfematein forms anhydrous crystals. It is very sparingly soluble in 
water, alcohol, ether, or acetic acid, but dissolves readily in strong hydro¬ 
chloric acid, and crystallises from this solution in small dark red needles. 
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Strong sulphuric acid dissolves it. Caustic soda dissolves hsematoxylin, forming 
a bright red to purple-red solution, ammonia giving a brown-violet solution. 
From these solutions the h«matein is reprecipitated ns a voluminous brown- 
red mass. The ammoniacal solution gives various coloured precipitates 
when treated with solutions of metallic salts: copper salts give a brown- 
violet precipitate, stannous chloride produces a violet precipitate, iron a , 
black one. 

Points to be considered in buying logwood are the age and size of the 
tree, and the question whether the wood has been freshly cut or kept in 
stock for a long time. Tiie exact valuation of the wood can only be arrived 
at by extraction. The moisture is determined from an average sample, a 
portion being afterwards boiled and employed to dye wool mordanted with 
jwtassium bicliromale and tartar emetic. The brighter, deeper, and purer 
the resulting sliade, tlie greater will be the yield of extract. Another 
test consists in determining all the extractive principles contained in 
the wood. The percentage of moisture in the wood must, of course, 
be taken into consideration in calculating the value. The extracted wood 
can only be used as fuel, all attempts to utilise it otherwise having been 
unsuccessful. 

Logwood exiracl is sold under different marks—I, II, O, A, B. 

At one tiineCanipeachy wood extract was adulterated with adnnxtures of 
' syrup, extracts containing tannin (for instai^cc, chestnut extract), or with 
,pi('d de campt'eke (“ foots ”). These adulterations are rarely practised now. 
In any case, the value of the extract—i.c., the content of colouring prin¬ 
ciple—can nwer be directly estimated from the degree of concentration, 
the qiiatitities of the other extractives present varying greatly, according 
to the origin, age, Ac. The exact valuation of the extract must there¬ 
fore be determined by a practical dyeing test in comparison with standard 
types. 

Logwood is specially used for dyeing and printing black and grey sliadcs on' 
calico and w'ool. For blues it is never used alone, but only for shading other 
colouring matters. The black dyeing is performed with the aid of an iron 
salt and with an addition of some yellow colouring matter to kill the blue 
tone. The resulting iron lakes are not fast to light, alkali (soap), or acid; 
but a faster black on cloth is obtained by precipitation as a cliromium 
compound. Latterly aniline black and azo black have largely replaced 
logwood for w'ool and calico dyeing, but the iron lakes of logwood are 
exclusively used for black dyeing on silk, a considerable trade being done 
for this purpose 

Tile colouring matter of logwood is not much used to manufacture lakes 
for paints and printing purposes, more brilliant, purer, and faster substances 
being available. In the manufacture of wall and fancy papers a special 
kind of colour, the so-called “ vegetable bronzes ” (Mordor6 lakes, or bronze 
browns), is largely employed —lakes obtained from logw’ood (and Brazil wood) 
by a special method. 

A solution of the extract and one of {>otassium bichromate will give a 
deep bluc-black liquor of such )>owcr that it may be used as black ink. The 
extract has also Ix'en used as a disinfectant for dressing wounds. 

A mixture of logwood extract with chromium acetate, sold as indigo 
suhsUtuic, is used for dyeing wool and calico printing. 



Chlorophyll 

Chlorophyll is the green colouring matter of the leaves and stalks of 
plants, in which it occurs in the shaj>e of small, lenticular, flattened globules. 
Though it is the most generally distributed vegetable colouriiig matter, 
its chemical nature is not fully known. It seems to consist of two colouring 
principles, one blue, the other yellow. In autumn the blue colouring 
matter decomposes, whereupon the loaves turn yellow. When an alcoholic 
solution of chlorophyll is shaken up with benzene, a blue colouring matter, 
cyanophyll is extracted, a yellow colouring nmtler, xanlhophyll remaining 
dissolved in the alcohol. Cliloroj)hyll is not fully developed in ])lants 
unless they are exposed to daylight. Plants which grow in darkness— 
for instance, in cellars—become yellowish wlutc, from a colouring matter, 
etiolin, which is converted into chlorophyll when ex|M)sed to the light, the 
plant becoming green again. 

To isolate chlorophyll from the plant the following method is adopted, 
according to Txchirch : Grass or green leaves free from tannin are extracted 
with boiling alcohol. The solution is repeatedly filtered, and Imiled down 
to a mucilaginous mass, which is washed with cold water until the washings 
run away colourless. 'I’he purified mass is extracted with alcohol, and the 
extract concentrated until crystals are formed. These crystals are re¬ 
dissolved in alcohol, and digested with zinc <lust on the water bath. A 
deep green solution with red fluorescence is formed, and keeps well if 
stored in coloured bottles. A bright green lake can be precipitated from 
this solution with soda on alumina, but is fugitive in the light. 

Chlorophyll can also be obtained by treating the green parts of plants for 
about twenty-four hours with dilute caustic soda, which dissolves out the 
chlorophyll. The filtered solution is boile<l, refiltered, and the chloroj)hyil 
jirecipitated as a grass-green mass by neutralising the solution with 
hydrochloric acid. 

Being fugitive in the light, chlorophyll is of only small practical value. 
Its chief use is for colouring confectionery, li(]ueurs, and toilet articles. 

Dragon’s Blood 

This is a collective name applied to a series of very similar deep brown- 
red shaded resins from certain tropical trees, especially |Kilms, species of 
Calamus, found in India, Sumatra, and the Moluccas, The resin is exendetl 
as granules on the fruits, or exudes from the hark of the tro(‘s when the 
latter are wounded for this ])urpose. I'lie finest product occurs as small 
globules (dro}>s or tears), and comes on the market wrapped in palm 
leaves. Other kinds are sold as flat cakes, sticks, or in blocks, packed 
in chests. 

The best kind of dragon’s blood is a homogeneous, deep red, nearly 
blackish, 0 {>a(pie, inodorous resin, which has a sweetish taste. It is sparingly 
soluble in ether or turpentine, readily soluble in alcohol, benzene, 
chloroform, alkalies, oils, and acetic acid, and contains up to per cent, of 
a deep red resin. 

pragon’s blood was formerly used in pharmacy, but at j)resent serves 
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only for colouring spirit varnishes, toilet articles, &c., a deep red. The 
colouring material has not been closely investigated. 

Fustet 

Fustet wood is produced by a tannin-containing tree {H/m co(inns) growing 
in the South of Europe (Italy, Sjiuin, Turkey, Hungary, Dalmatia), in the 
Levant and Jamaica, partly wild, partly as an ornamental bush. The colouring 
inatter,^’.v6’/iM, which is only found in the heart of the wood, was intimately 
studied by /. Schmid, though Ckevreiil had already isolated a yellow colouring 
matter, which he called //w/iac. Besides fustine, he thought he had obtained 
two other colouring matters, a red and a brown one, but Schmid found this 
to be incorrect. 

For the manufacture of the extract the wood is treated w’ith a very dilute 
solution of soda, the solution being concentrated to sp. gr. l OH, and 
allowed to cool. The originally clear solution becomes cloudy on cooling 
and prolonged standing, the wood extract settling down in the form known 
in the trade as colinin. 

From this extract the fisetin is obtained by boiling with alcohol and a 
little acetic acid, the dark brown solution is filtered, and an alcoholic solution 
of acid acetate is added until a bright red precipitate is formetl in a filtered 
sample. 'J’he first formed precipitate is of a dirty brown shade, and contains 
the impurities of the extract, tannic acid, ka. The filtered solution from 
this precipiUte is then freed from lea<I by means of sulphuretted hydrogen, 
concentrated to one-half, then diluted with boiling water, and allowed to 
stand. Tbe fisetin is precipitated from the hot solution in yellow flakes, and 
can be filtered oil*. The product oljtained from the cold solution is less pure. 
The fisetin can be repeatedly dissi>lved in alcohol and ]>recipitated with 
water until the mother liquor is no longer brown, but yellow. I'iiially the 
j>roduct is dried at 100*^ il. 

Fisetin crystallises from dilute alcohol as lemon-yellow’ needles, and 
from hot dilute acetic acid in deep yellow prisms, whicli liberate their six 
molecules of water of crystallisation at i 10° C. It is insoluble in cold water, 
and only slightly soluble in hot water, ether, benzene, and chloroform, but 
readily soluble in alcohol and acetone. Fisetin has the formula 

*riie colouring matter exists in the fustet wood as a glueoside tannic acid, 
fiuilino-tmmic acid, which can be extracted from the powdered wood by 
boiling with water. 

Fustet wood was used in former times for dyeing silk brown. It is now 
only employed for dyeing wool and leather. The resulting shades are 
orange to scarlet-red, but not very fast to light, and only moderately fast to 
soap and alkalies. 

Persian Berries, Yellow Berries {Kreuzheeren) 

Persian berries are the dried half-ripe berries of various sj>ecies ot 
lihnmmis, and about the size of peas. 'I’his plant grows n» a bush, especially 
in Asiatic Turkey, and was formerly also cultivated in Hungary, S{)ain, 
France, and Ibily. The berries have a bitter taste, an unpleasant smell, are 
of greenish or brownish-yellow shade, andare hard and wrinkled on the outside. 
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The rougher and greener berries give a better extract than the glossy, 
darker ones. 

Persian berries are no longer used tlirect for cloth dyeing, having been 
displaced by the extract. It contains the colouring jirinciples as solutions, 
is, however, not very stable in summer, and ferments easily. 

Persian berries of the various species of liliamuu.s contain several colouring 
matters : rhamnedn, in the state of aglucoside ; xonihorhamniu ; another gluco- 
side, rhmnnazin ; and finally also ijuvrvilriH. 

Xanlhorhamn'm is prepared by the following ]irocess: 'i'he dried berries 
are ground in an apparatus like a cofFce-inill, ami distilled with 8.5 per cent, 
alcohol for about ten liours under a reflux condenser. 'I'lie extract is 
filtered and left to stand. After one to two days the brown sediment is 
filtered off, and small yellow crystals begin to separate from the alcoholic 
filtrate. These crystals are a glueoside, which,after repeated crystallisation, 
is obtained pure as very small fine needles of a lemon shade. Xanlbo- 
rhnnmin has the formula C,jl is readily soluble in water and alcohol, but 
insoluble in benzene, chloroform, and ether. 

'Po prepare rhamnetin, I,/);, tlic xanthorhamnin is dissolved in water, 
and the solution is healed for a certain lime with dilute sulphuric acid 
011 the boiling water-bath, 'i'he sparingly soluble rhamnetin thereupon 
separates as a deep lemon-coloure<l jiowder; this is reerystallised from its 
phenol solution. 

Uhnnmaz.in, €,.11,/)^, is obtained by boiling commercial rhamnetin with 
toluene, the latter remaining undissolved, while the rliamnazin separates in 
the shape of brown needles. 

Persian berries are used for dyeing and printing <!alic(> as a ))ure colour, 
or for shading purjioses. The chromium, tin, and alumina comjiounds are 
bright, and resist the influence of soaps or chlorine, but arc only moderately 
fast to light. A well-known artist’s colour (^ScfiuUgclh) is made from 
mashed or ground Persian lu rries by boiling them with water and filtering 
the decoction through cloth. It is tlieii stirred witli a solution of alum, 
and powdered chalk added, which precipitates a bright lemon-coloured lake. 
Schiitt yellow is, however, usually made of a mixture of decoctions from 
curcuma, (piercitron, and Persian berries. U is sold in small cones, and 
serves as a painter’s colour and for staining paper and leather, hut is not 
very ))ermanent. 

Chinese Berries {way'a, Nalal herries) are the dried flower-buds of 
Sopfiora japonica, ami contain another colouring matter, quercitron (y.v.). 
They are especially used in dyeing the silken dollies worn by tlie mandarins. 


Fustic {Brazil Wood, Yellow Wood) 

Fustic is sold in the form of logs (from which the bark has been removed), 
sawn smooth on both sides, from the stems of Morns tvictoria, gromng in the 
East Indies, Central and South America, and the Antilles, where it attains 
a height of about 1.50 ft. The wood is hard, firm, and of a light yellow to 
orange colour. The jioorest kind, Brazil yellow wood, is mostly very worm* 
eaten. The various kinds are classified according to the country of origin 
and the port of shipment, the principal varieties being Nicaragua, Costa Uica, 
Salvador, Colombia, Panama, Venezuela, and Jamaica. 
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Yellow ^ood contains two colouring matters— morin, Veiy 

ingly soluble in water, and the readily soluble vu^chmnfC^^H^fl^. Morin^ 
is j)resent in the free sbite, but in some kinds (Cuba wood) is combined with 
lime. The extract is obtained by boiling the rasped or chopped wood in 4 
solution of soda until the solution has the sp. gr. 1041. The bulk of 
the maclurin and morin erysUllise out from this extract. Maclurin is often 
found in the wood as a reddish-yellow, crystalline sediment. The extracts 
made in France and (iermany are viscous or solid, but less vitreous than log¬ 
wood extract. 'Hie American extract is hard, olive-coloured,and lustrous, 
and has a conchoidal fracture. 

Morin is best made from the extract by treating this latter for a certain 
time with water containing hydrochloric acid. I’lie brightyellow solutionis 
filtered from tlie sediment, and the residue is treated with water containing 
hydrochloric acid until tlie liquid is only very slightly coloured. When 
])ressed and dried it forms a brownish-yellow powcler, corresponding to about 
10 to 20 j)er cent, of the extract used. It contains a considerable quantity 
of an anu)rphous substance as an impurity. This crude product is dissolved 
In hot alcohol, filtered, and then treated with hot water. 'I’he morin 
sefwrates out as crystals on cooling. The solution is heated again, and then 
reprecipitated with boiling water as long as any crystalline sediment is 
formed. The collected crystals of morin are finally recrystallised from 
alcohol. 

Pure 7nonn forms colourless, lustrous needles, with a bitter taste. It 
is sparingly soluble in water, more soluble in alcohol and acetic acid, and 
insoluble in ether and carbon disulphide. Morin dissolves in alkalies to a 
yellow solution, from which it is reprecipitated by acids, 

Maclurin also forms colourless crystals, has a sweetish astringent taste, 
and is readily soluble in water, alkalies, and alcohol. It decomposes car¬ 
bonates, and is precipitated by tannic acid. For this reason it was formerly 
called until its properties, which are quite different from 

those of morin, became known. 

For dyeing, the extract is very often replaced by a lake made from Cuba 
wood, the so-called Cuba lake, on account of its greater purity. It is an 
olive-coloured paste, and is obtained by precipitating a decoction of the 
wood with alum. 

Yellow wood is chiefly used for dyeing wool, especially as a ground for 
logwood-black dyeing, and for printing cottons and woollens. Various 
yellow shades are obtaine<I, according as a single or duplicate dyeing (one- 
bath or two-bath method) with alumina is employed. With copper sulphate 
an olive shade is obtained, with ferrous sulphate a dark olive. The brightest 
and most permanent shades are obtained by the aid of tin. 

Yellow wood colours are generally not very fast to light, and are of a 
dull to broM'iiish shade. 'I hey are fast to the influence of soap and weak 
alkalies. 

Ill silk dyeing the colouring matter of yellow wood is used for shading 
mixed colours. 

At present the <'oal-tar colours g.nlloflavin and alizarin yellow have 
largely displaced yellow wood. 

For painting purposes the aforesaid Cuba lake, also called morin lake, is 
sometimes used. 'I'he colour is brighter in jiropurtion as the solution of alum . 



Employed is purer and, especially, free from iron. With Imsic lead acetate loo' 
(a solution of sugar of lead in which litharge isdissolvtMl by boiling) a bright 
yellow lea«! lake is obtained from the filtered a(|ueous decoction ; but this 
colour is not at all permanent, and therefore is of no practical use. 

Gamboge [dumigutl, Cuf(i) 

This substance is the resin of (uircinm morella, a plant found chiefiy in the 
East Indies and Ceylon. On incising the hark a milky liquor which gradually 
sets hard is obtained. It is collected and stored in bamboo canes. On 
renjoving the cane the hard resin is obbiined as cylindrical sticks of nl)Out 
1^ to 2^ ins. diameter. The dense, homogeneons, brittle resin (couchoidal 
fracture) is opaque, reddish yellow in colour, and furnishes a bright yellow 
powder. It is inodorous and has an acrid taste. It softens at I0t)'^‘ C. 
without melting, gives a yellowish emulsion with water, and is Only partly 
soluble in ether and alcohol. 

Poorer (qualities of gamboge are of a brownish colour and granular 
fracture. They are also obtained by boiling the leaves and unripe fruit of 
the j)lant. 

Ciamboge is used for manufacturing a yellow water colour, and sometimes 
for colouring spirit and other varnishes. It is poisonous, but is used In 
pharmacy. 

Indigo 

Indigo is one of the oldest and most extensively used blue colours. 
Even in the earliest times it was used as a dye-stufl in the Orient, and its 
importance for this purpose is still based upon its great i)ermanency, wliich is 
not surpassed by any other colour, although the recent discovery of artificial, 
syntlnrlical indigo has nearly displaced tlnr old natural product. 

Indigo <»ccurs in Nature in considerable quantities and in various species^ 
of ]>lants, more especially the PapUiouareiv, eoinprising various species ot 
indigofera (I. tindoria), chiefly inlmhiiing India, China, .lapan, tlie Philip¬ 
pines, Central America, Brazil, ,lava, Jtc. In Kuroju*, too, the Imi'ix tiudoria 
(pastel, woad) and the Poltfgimum tindorhou (<lyer‘s knotgrass), plants conUiin- 
ing indigo, were formerly cultivated ((Jreat Britain, hrance, (iennany, &c.), 
but their cultivation has long been abandoned, the yield ot colouring matter 
being too small coin/wred with the true indigo plant. The principal seat of 
indigo culture is linlia (ii.sj>ecially Bengal), where an indigo-yielding speeies 
of oleander, Scrium tindorinm, Is also known. 

Indigo blue is not present in the plant as sucli, but as a glucoside, indkaJtf 
which probably occurs in all plants yiehliiig indigo. 'I'he manufacturing process 
in indigo factories is as follows; 'I'he crop is gathered three times a year, at 
flowering time—January, June, and Septeml)er—the leaves being tied in 
large bundles. (Jenerally the leaves alone are used, coiilaiiiiiig about O'S 
per cent, of colouring matter. This latter i.s also ]>reseiit throughout the 
whole plant, but only to the extent of (»-2 per cent, and therefore the whole 
plant does not pay for treatment. 

The bundles of leaves are sprinkled with water and a little milk of lime 
or ammonia in large tanks or pits lined with cement, and are left to ferment 
for a certain time, a copious liberation of carbonic acid and a frothing of the 



448 COLOOfi MAltole^XCtURfr 

mass being observed. The fermentation process must not continue too 
long, or the quality of the product would suffer, whilst incomplete fer¬ 
mentation leaves the indican imperfectly dissolved. The end of the 
process is indicated by the smell, taste, and colour of the liquor, and the 
formation of a blue sludge, and other signs. When fermentation is com¬ 
plete (in about twelve to fifteen hours, at ^10’^ C.) the colouring matter is 
in the state of an aqueous solution, the so-called indigo white, whereupon 
the olive-coloured liquor is transferred to other vessels. In these the 
colouring matter is oxidised by atmospheric oxygen, introduced by beating 
the liquor with rods, the use of stirring apparatus, an air-blast, See. When 
the colour particles coalesce and separate from the liquor this operation 
also is complete. 

During the fermentation in the first tanks the indican is decomposed, 
according to Hckmck, into indigolin and indigoglncin, the blue, however, 
being reduced at the same time to soluble indigo white. This latter is then 
oxidised to indigo in the second vats. 

The indigo settles to the bottom as a fine, somewhat sandy, blue ])owder, 
which is washed and Iwiled once with water. Tliis boiling process serves 
various purposes, 'riius, it eliminates a brown extractive principle contained 
in the crude indigo; it stops the fermentation and prevents putrefaction, by 
destroying the micro-organism, the BadUn.s indigogmux, cre^e<l with being 
the fermentation agent, and, as said, it brightens up the colour. The colouring 
matter is pressed, dried very slowly and carefully in the air, in order to 
obtain a light, fine, and superior product. 

100 parts of tlie dried plant yield about I.’, to 2 parts of indigo, con¬ 
taining 20 to <)0 per cent, (mean about .30 per cent.) of pure indigo colouring 
matter, indigolin. 

Besides the blue, commercial indigo contains indigo red (indigorubin) and 
indigo brown, indigo gmn, miiieral subst^ince.s, and a moderate amount of 
water. 

The best brands are obtained from Bengal and Guatemala. Poorer 
qualities come from Coromandel, Manila, Madras, Caracas, Brazil, Cuba, 
Jamaica, Domingo, and Mexico. 

A good brand must be specifically light, of a pure blue colour (with only 
a very slight violet tinge), and exliibit a bright yellowish, coppery lustre 
when rubbed. The fracture must be uniformly dull, of a pure blue, and show 
a bright metallic lustre (indigo cuivre, gefeuerter Indigo) wlien rubbed with 
a hard boely. Pure indigo floats on water, and can be easily and completely 
dispersed in it without giving a heavy sediment—the formation of which 
would indicate adulteration. Pure indigo burns easily, and is very brittle. 

Indigo blue dissolves with fuming sulphuric acid to a purple-red solution 
(sulphindigotic acid). Strong caustic potash dissolves it to an orange-yellow 
solution. It is partly soluble in chloroform, aniline, benzene, strong acetic 
acid, nitrobenzene, toluene, phenol, acetone, amyl alcohol, stearin, paraffin, 
and in the heavier fractions of petroleum. On being heated indigo gives off’ 
a red vapour. It dissolves in nitric acid to form the yellow colour ixatin. 

It is rather difficult to determine the commercial value of indigo. The 
moisture content is ascertained by drying at 100^, and should not exceed 3*7 
per cent. If the ash content be more than 10 per cent, the indigo must be 
regarded as adulterated (sand, chalk, graphite, &c.). Starch, gum, dextrin 
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are sometimes found as or;;auie adulterations. If jMJwdcred indiffo is ground 
with a little water it must not form a mueilajyjinous mass, this indicating; the 
presence ol gum and dextrin. If tin- s(>lution in nitric acid turns blue on 
the addition i>f potassium iodide, starch is prt'sent. I.ogwood lakes and 
Prussian blue are also sometimes added to indigo, and i»ccasionally the lumps 
of the poorer brands arc e«>ated with a layer ot better (pialitv- 

The tinctorial ]M)\ver ol' indigo is tested l»y luakiug a trial dyeing with 
the sample, van Cochenhansvn recommending the h)llo\\ing melhotl; l■n•sl of 
all a standard scale is niadi* by convcrling 1 gnu. ol'really pure indigo blue 
into sidjjhindigotieacid witli ‘-M) to vJ.') c.<'. ofslrong sulphuric acid, tins solution 
being diluted with water to 1 Hire, of which l.'J, ;J. 1-, a, l>, iSe., up to‘20 
to c.c. are Jised lo(l\e separate portions (.’) grins.) of wind (freed from 

grease with ammonium carbonate) for llir« e-(juavlms of an hour, tlie tem¬ 
perature being raised to boiling point. The samples are drital in the open 
air after having been cooled ami waslual, and are kept in boxes out (T con¬ 
tact with light and air, in which camdilion they will remain fora long time 
unelianged. 1 gnu, of the sample under cxaminalum is treated in the same 
way, 10 or‘20 c.c. of the solution la-ing used for the trial dyeing, and tlie 
resulting colour compared with the standard lyju s. 

The contcnWlil>i«d/go///f is delenuined, according U> I 'lzt'i', by boiling 
I gnn. of pow<lercd indigo for ten minnti s with .'iO e.c. of a j j*cr cent, 
solution of caustic soda and 10 c c. of a solution of hydrog< n peroxide, When 
cold the liipiid is diluted with an eipial volumeof wat<.r, and liitcred Ihrough 
a dried, tared liltcr. Tlie filter is washed first witli warm water, next wllli 
dilute hydroeldoric acid (I : 10), then with water again, and linally willi 
boiling alcohol, until the liltraU' is no longer brown, but pale blue; it is 
then dried at 100'^ and weighed. After hi*ing weighed llm residue on tim 
61ter is ineineralcd with the filler, ami the w( i<;ht, subtracted from the total 
weight of the ash, gives tlie weight of the iiidigolin hy dllfercnee. 

Hy the extraction method tlie iiuligolin in a weiglnal samph* of ttom- 
mercial indigo can lie brought into .solution in a suitahle solvent, the 
crystallised indigotin being weiglied direct (//d/ng’.v, Svhta:i<lvrs, Jiramll'x 
methods). 

I'he tinctorial jiowerof indigo can also be ascertained by the reducing 
method of lian'wn, which, liowevcr, is too complicated in detail to he described 
here. 

Colorimetric methods can also lieapjilled to the cxaininalioii of indigo. 

Of the various kinds of indigo, only those from lleiigal, .lava, and 
Guatemala come under consideration for the Kuro})can dyeing industry. 
These three kinds, however, are divided into a large number of brands, the 
good properties of which depend on the kind of soil in w lilcli the plants are 
grown. The experienced indigo merchant can detect the place of origin by 
distinct characteristic sign.s and (pialitics; and there is also a special, though 
not very perfect, system of classifying the various brands according to tlie 
districts wlience they come, tliis being also partly supplemented by marks. 
For instance, Bengal indigo comprises more than .'iOO disUncl brands, wliilst 
Java indigo has only a few brands, and (Juatemala indigo ( tily two. The 
(inest indigo is that made by tlio Dutch (.lava indigo), winch has tin- lowest 
specific gravity and percentage of asli am) extractives. Each of the regularly 
.siiaped lumps is stamped “Java.” 

2 V 
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Beii^^al indijTo, tlie most important in point of (juantitative j>ro(luction, is 
manufactured and sold by the llritisli. It conics into tlic market in the form 
of prismatic lumps, bearing the reticulated imprint of the calico on which 
they have been dried, and mostly stamjiedwith a distinctive mark. (luate- 
mala imli‘;o,calie<l sohre mlieuU’, is one of the jjoorer kinds. 'I’he / (‘lores brand 
(from the same coimliy) is often e(jual to that from Bengal. It is met with 
in irrej,nilar lum})s, and exhibits a characlerislic fine j^reen skin, whence its 
name, “green indigo.” 

Indigo merchants usually judge the place of origin and the commercial 
value of a sample by external signs, but this re<{uires wide experience and 
long practice, and is even then a dillicult and unreliable inetlioil, so that 
clicmieal examination is indispensable. 

Indigo is used for dyeing calico and wool, and furnishes the m<>st per¬ 
manent blue dyes. Tlie nietliod is known us vat-dyeing, and will be described 
later on. 

Indigo was first brought from India to Italy and the Netherlands in 
the sixteenth century, but the farmers cultivating the woad plant strongly 
o|)po.sed its use. The importation of indigo was prohiliited by law in 
iMigland, <111(1 also in (iermany (1577, and als<) in I f>.‘) 1). In the city of Xiirem- 
herg tlie dy ers were forbidden to usi* indigo for dyeing under penalty of death, 
ami it was not until 17^7 that the use of indigo was generally pennilled. 

P/iui/ and Diosvoridcs wen; ac(|uainted with indigo, and called it bidiciiiii. 
They static that it ranked next to purple, and was used in painting <*md 
pharmacy. 

The old Egyptians were also acejnainted with indigo, and mummies have 
been found covered with blue wrappings dyed with indigo. 

('dins Ididius Smiiidns (the younger Idi/ii/) in his “Natural History "(thirty- 
five volumes) gives a very exact de.scnj)tion of indigo, its manufaelure, 
adulteration, uses, and tests. He mentions, for instanee, that indigo heated 
over a fire burns with a purple flame and gives off a smell »)f le.i. In addition 
to dyeing and jiaintiiig, it was a))plie(l in medicine for drying wounds, and 
against cold and fever. A pound sold for "JOdenarii. At om? time indigo was 
believed to be a metal. An ordinance dated 1701 gave express j)ennission 
to miners to prospect for indigo (Indian stone). 

An interesting fact, though of no technical importance, is the existence 
of indigo in the animal and human organism. Indigo h<-is been deteeted in 
perspiration, pus, and urine, serving in the latter ease as a iliagiiostie imlica- 
lion (»f tuberculosis or intestinal trouble. 

Indigo is u.sed as a water colour, .as also for cloth dyeing, but is not very 
fast to light.* It is much less suitable for oil colours, as it assumes a dull 
and blackish-blue tone. In wool and silk dyeing and as a liquid colour use 
is made ot' indigo carniinr, obtained by saturating a dilute solution of sidphin- 
digotic acid with soda. It forms a blue paste with a eoj>pery lustre. 

In recent times the importance of natural indigo has declined owing to 
the successful manufacture of artificial indigo, to which reference will be 
made later on. 

* Artificial iiuligii can also l>e used for lake making. Indigo lakes are absolutely fast 
and ean be jirodnerd in varion.'^ ^llade5 witli the cliaracterislic lustre. They are especially 
a<lajited for producing combined lake.s, which geiuTHlly are very bright and of a si>eciully 
warm hue. iTuANSLAXOR.] 
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Before artificial indigo was luamil'actured the yearly pro(hictioii wasalwut 
4500 tons, of whicliquantity India alone was sii|)|)lyin^ tons, ihe total 
output in was tons. 

The value.of the imlii^o experltd fn>m deniiany was about Xl50,000 in 
18})7, but, in conscMpienec of tlie niaiuifactured synthetical indijjo, had 
increased to a million slerlinj; by IJIO;;.* 


Cutch {JdiuDi Kiirl/i, KaUrhu, ('mhou) 

fn Bombay a hard, dark brown, asIrinj^eiiL exiract, the Inic ailtrliii or 
euteh, is ohtaineil by boiliiiif the wood of a Mi ft. to ‘,'5-ft. lr(‘e, the .fatria 
valediu. Another kind of euteh is obtained in Benjial by boilin;^ the fruit 
(betel nut) of the areea palm Menli<m slu)uld also l)e made, of the 
or cnhicid cutvh, obtained by boilini; the h avesand twi«;;s of the Sauchut gaiiihir 
and Vmaria acida in water. 

True euteli comes on tin* market in lar<fc lumps, wei;;hin^ from 70 to 
yO lbs., whii'h have a ^la-asy fi-aeture. (iambir euteh is also sold as small 
lump.s, l |-in. to 1 j-in. cubes, whieli are li.ifbt yellow inside, ilrv, and readily 
friable. 

Tbe colouring prineijile of ciiteli is attirhin. It is ol)lained by treat¬ 
ing euteli with eold water ami allowin/;;- it to staml for a few days, llie 
solution bein^ filtered, ami the residue washed with eold water until the 
wasliinj^sare nearly colourless. 'I he calccliU’/annir oci'l, used for tanning; ])ur- 
poscs, is obtained in llie solution, and crude ciifcc/rin remains, this heiu*^ 
reeryslaliiscti from liot water, in which it is soluhle. Ihire eateclun con¬ 
sists of fine, Avliite, silky, hy;''rose()pieal neeilles, meltinj' at '^17*^ The 
exact chemical eomposilion (d‘ eateelm is not yet known, and a number of 
entirely dilferent opinions have iieen expressed by various workers. 

Cuteh is used in eoUon dyeiji^; and prinlinj^, to jiroduei' Im'ovmi. black, 
grey, and olive shades, ami gives very permanent dyes, fast to light, acids, 
soap, and even bleaching jjowdcr.'t' ('erlain brands of catechu are also used 
for dyeing silk and making wood stains. 


Madder {Krapp, (utramc) 

Madder dyeing was juvieliscd from the earliest limes, and retained its 
great importance up to the second half of llie nineteenth century. Madder 
is used for producing the famous 7'»/7ir// red. Wliereas in and about IHfiO 
approximately 7(),(t0() tons of madder, worth aliout two and a (juarter to two 
and three-<iuarter million pounds, were produced every year, the discovery of 
artificial alizarine in 18()}) ruined the madder-growing industry, which is now 
almost entirely abandoned, a small cpiantity being still cultivated in France 
for special purposes in dyeing wool [and higli-elass artist’s colours.— 
Tn.\NSLATOU|. 

Madder is tlic dried and ground root of liidna lindoriiim ami other species 
* iy 07 : Cl.tjr.O.OOO. [TuAN.sr,AT<iU.) 

f For niuiiy imi'imseH eulcli is now udvaiUiigi-ously hy urtilii;ijil cual-tiir 

cokiurs of receut date; for instance, by the su*called iuiinediul colours (Cussclla), the 
most suitable of which is iinujcdiul culch. tTuANsLATOH.l 
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of the Ruhkcea’, oontainy'K several different colouring matters. The prin¬ 
cipal one is riibcri/lliiic aa,<h which is a glucoside of alizarine,and was isolated 
by lioc/ih’der in IXal, by madder with hot water. When rube- 

rythric acid i.s treated wit I' acids it decomposes into nli.-.niiii and a kind of 
sugar. Alizarine was firs',t obtained pure by Huhiiimt and Colin from the 
madder root. Madder alsif contains piir|)urin, ])seudoi)urpurin, .\anthopur- 
purin, xanthin, and some ot^^*or colouring m.aterials. 

To obtain the colouring iprineiple from the madder root, the latter was 
treated with steam, acids, land other solvents. V'arioiis madder products 
were maniifaelured in this '""'Wrr Jloirm were the most 

important. These, when boi^e*' strong acids, furnished giiimichi, which 
Yielded i/incoj/ln when treated ,with snj)erhe.ated steam. 

Other m'adder products mV garaiKCiu, mmkkr carmine, fio. Alizarine h 
obt.ained from the ni.idder root by a method devised by Rmge, preferably 
by extraction with a sointion of .duni. On treating m.adder llowcrs with 
strong sulphuric acid madiler ch/"'euiil is obt.ained, from which the extracts 
(eolorine) are prep.ared. 

The madder root pulled froifi the soil at the beginning of summer is 
called snmmer root, that gathcrec’l during autumn being known as aidmim 
riKit. The roots, which are mosti)’ pulled in the third year afler sowing, 
measure aboid ,S ins. to 1(1 ins. in .length and up to Id, ins. thick ; they are 
red-brown and wrinkled on the Anl^dc, and yellow red inside. Oround 
madder is a coarse sallVon-yellow. powder with a eharaeterislie taste and 
smell. Storage for some years i]n|iroves the yield, but it must be proleeted 
from light, air, and d;nnp. 

In Syria, Asi.a .Minor, Oieeee, .Ve , madder is called ILari or alizari ; 
lienee the name alizarine. 

Madder was known in the earliest limes. Dioscoriiles e.dls it en/llimilanuii,- 
and Rliiii/ riihia. Its use for dyeing was expressly mentioned by both. In 
Charlemagne s “ Capitiilaria” madch'r is mentioned as eareiilia or earanlia 
{^garank’), and ilseultivation rceomivended. In the middle of the sixteenth 
century the enltivation of madder b( fan in the .Netherki'i/.l.s. ( hanes V. 
introdueed it later on into Alsace, and Rerlin into l''rauee. Jn (iermany 
Silesia was the first country to cultivate madder, in the middle of the 
sixteenth century. In Franee and the Netherlands the madder industry 
attained great importance. 

■J’he reason why Turkey red dyeing became so important was the extra¬ 
ordinary fastness of the colour, which in this respect i.s surpassed hy few 
other vegetable and even niinerid colours. The alizarine obtained syntheti¬ 
cally from anthracene being, however, of exactly the same chemical eom|) 0 - 
sition, and possessing the same qualities, has now almost entirely displaced 
madder. 

Turmeric, Curcuma {Gelbiciirz) 

The root of the Curenma longa and C. roliimla, plants growing in Asia, arc 
brought on the market in lumps or as a yellow )iowder, and contain a yellow 
colouring matter, emeumine. It can be extracted by means of alcohol, ether, 
and alkalies, but less readily with water. 'I'he alkaline solution is brown.. 
The colouring mailer is sold in egg-shajted bulbs or fiat cakes, i.s not fast 
to light or soap, and is used to a small extent for dyeing cotton, wool, and 
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silk,‘?olt*ly Ijcomise it is (sisy lo work iuid )r([niros do moniant io fix it on 
the fibre. In clienbstry turmeric U used as a reagent and indieulor. Its 
chemical coinposilioii has not been closely investigated. 


Litmus [I.(toiiii.'i, Tounu'so!) 

Certain alj^se (species of lunrrl/u and l.o timn-a) Ibmul in tlie Hast Indies, 
South and Central America, and on the Canarv Islamls furnish n blue 
coloiirins^ maltor, litmus (azolitmine, lilum), containiiyi' various colouring 
jmnciples, when treated with amnuuiia, alkali carbonates, and lime, and lell 
to ferment. In the Netherlands the colouring mattcu' is obtained from 
various alga' brought from Scandinavia ami the. coasts of the Mediterranean. 

'I'lie plants arc dried, ground, and mixed wil li annnoniiim carbonate, 
potash, ami lime, the mixture being allowed to stand and ferment. The 
colour is violet at first, but alter three wm ks is p{'iTe<-Uy blue. A further 
quantity of ammonia is added (gas liipior, stale urine), an<l fmally chalk and 
gypsum, rhe mass is then |iressed, formed int<)eui)es, and dried. In the free 
state the litmus colouring matter is red, but in the state of saturated alkali 
salt:; it becomes blue. 

The most important colouring ju'inciple of litmus is arjoliln/iu. 

lake turmeric, litmus serves especially as an indicat<n* lor eliemieal 
analysis, and is of no tei’hnieal importance lor dyeing. 11 is largely used 
in th(‘ Netherlamls for eohuning litpieurs, preserved frnil, eonfeetionery, 
clu'cse, Uiilet articles, and sugar paper. 


Lo-kao {(’/liinw (irmi) 

Frcnn the biirk, twigs, leaves,and Liu* root of /i7/a/a//a.v a////.v.'nid /^ c/iloro- 
jtlnu/is the Chinese prepare an a(jueous exiract, which, when treated with 
milk of lime, fiirnisiies a gre<*n lake. It is largely used in China for dyeing 
cotton and silk, but not employed in Kurope owing to its high price. The 
])rodiiet comes on the market as tliin, <‘in ved leaves of a dark green, s«)me‘ 
wliat violel-tinled colour. 'I'he dyeings .•ire ]>crman<‘nt. 

Annatto ((h-ka/i, JiuiUo, Term Oirllatui) 

This colouring matter is obtained from the red, tleshy covering of the seed 
of the ruceu tree {liim oir/lana) inhabiting (‘entral America, the Antilles, 
Cayenne, ^S:e. In order to obtain the colouring jmnciple the skinned fruits 
arc thoroughly mashed with water and allowed to ferment for a fortnight, 
being atYerwards passed tlirongh sieves. When the liipior has elari/ied, the 
red sediment is taken away, lieated in large pans, and boiled down to a thick 
paste, which is made into cakes. It is sokl either in a perfectly dry state or 
covered with leaves or rushes in boxes. 'I'he product is brown on the outside, 
.but red inside. 

There are two kinds on the market; the rarer, Ea.si hulian aniiatto, 
which is mostly sold in the dry state, is saiil to be the belter of the two. 
The less valued annatto, from Stmlh Amcrka, called orlean (or Spanish), is 
soft, and easily nibbed down to powder. 'I'he fresh mass smells like carrots, 
but the commercial article sometimes smells strongly of ammonia, derived 
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from tlic fermenting process or from the adclilion of urine, which is said to 
make the <'ol«)ur brighter. 

Annatto is sometimes adulterated with mineral bodies, these being 
iiidi<*ated when the product contains more than 10 per cent, of ash. 

J'here are three colouring principles of a more or less red- to yellow-lone 
in annatto, tlie mr)st important being hi.rin, A produel found in the 

trade under the same name is live or six times strong<-r than ordinary annatto. 
The ordinary commercial product sometimes contains only () to 8 per cent, 
of colouring matter, llixln is insoluble in water, but st)luble in alcohol. 
The two other coh)uring matters dissolve in water, but are of no technical 
valu(‘. 

Annatto is a substantive colouring matt<-rfor cotton, silk, and wool, and 
gives l)rigl)t oraiige-red shades, fast to a<-ids, soap, and chlorine, but not 
j)ermanent in tin* light. Tor wot)! and silk dyeing annalto is seldom used, 
l>ut is cni[)l<>yed for ci>louritig butter, cheese, margarine, it'C. 


Archil [Ovfipillc, O/icpUo, Onhilht) 


/lir/iil, like litmus, is obtained from the algal genera lloirellu, l arioiaria, 
and /avvmom. It was first rec4»gniscd as a dye stulf at TIorence in the 
foiirt<‘enth century, where archil dyeing was ])ractised as a seiua't process, 
'fhe consumption oi’ archil afterwards made from niimherless varieties ot 
tin* above alga*, inhabiting not only the tro)>ieal zoiu*, but also Scandinavia, 
\e. -was up to the niiu'lecmtb cenliirv very extensive, as it was used for a 


great many purposes. 

To mamifaeture archil the plants are freed from adhering sand, stones, 
iSic., thoroughly well mixed and worked with water, sometimes also boiled, 
and then j)assed tbroiigb sieves. The colouring principl(‘s aia* now partly 
dissolved, and partly sns|)ended in the water, 'fhe licpior is then treated 
with ammonia and gently healed. The colouring matter is |)recipitated 
as a ))asle, and is sold in that condition—archil in })aste {t)rscillp en 
pd/c). According to anotlier method, the linely ground alga* are first 
treated with soda, and afterwards boiled, the subsecpient treatment being 


as above. 


I'be colouring ju’ineiple of arelnl is <n\:eiiii'y wliieh is developed 

by tlie oxygen id' the air in the presence ()f lime and ammonia. In former 
times stale urine was also used. 


If the areliil ))asleis extracted with water and then carefully evajiorated 
at low temperatures, amdlier pnaluct, (iir/ti/ cxhuct, or (irchil airminc, said to 
be twice as strong as archil, is obtained. 

In Sc()tland an archil product is made, the so-called persio, or cudhear 
(rod indigo), consisting of dried, ground, and bolted Lmo/o/v//u’rpe.v, indi¬ 
genous to that country. 

Fmu'h purple, another archil product, is made by treating the algo' in 
the cold state with li(pnd ammonia, the filtered liquor being then treated 
with bydnx'liloric acid, and the resulting precipitate redissolved in ammonia. 
The solution is then exposed to the air in shallow pans. After a certain 
time the li(pu)r assumes a clierry-red .sliado, turning to purple-red at about 
15'^ C. The purple colouring matter, which has a violet shade, is j)reclpi- 
tated witlj dilute sulphuric acid or tartaric acid. Aecordii»g to another 
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method, the lime lake is precipitated from the ammonmeal solution by 
cah'iiim ehlori(U‘. *rh(‘ linu? lake is also sold as French pur))le. 

'These two articles were at one time lar^jely used for dvein;j wool red 
and violet, and to a smaller exlent for silk. Fnr<* French purple was 
decomposed in annnoniacal solution, the lime lake with sulphuric acid, 
and the eolojirin<( matter dissolved in ammonia was dyed directly on the 
wool. Oreeine is (herelbre a substantive dy^’-stuff. 

Pure orre/W is ohtaiiu'd from the arlilieial archil hv acidifying it with 
hydrochloric acid and evaporatin<i it to dryness. 'Ihe residue is ladled with 
alcohol, evaporated to dryness, and then washed with waf<‘r and etlier. 
Oreeine obtained in this way is a carmine red p(*W(l(‘r. 

Tlie archil dyein<;s are very hri<;ht, violet and hluish red, and are very 
nniform on the slnlf, hut as a rule are not permanent, ojdv the French purple 
giving fairly fast sliades. Archil is now displaced by coal-tar colours, so 
that the injport trade* has eonsiderahly decrease<l. 

'rhemostsnitahlc spcciesofalga-occur inl'eylon, Madagascar, Mozanduque, 
and Zanzi!)ar, and arc call<*d Itcrlt-mclnl. 'I’hcy are ])nrcr than the stwallcd 
cnrlh archil, the latter being generally tlu* raw material for making litmus. 
In the chemical Ircatnicnt of the plant for recovering tin; archil colouring 
matter orciiic is formed at first as a d<*com|)osition pro(luet of the algi<* acids, 
and is converted int(» arcchtchy the action of ammonia and air, a laal crystal¬ 
line ef)louring matter being produced. 

'I’he value of archil )»rcparalions is determined, aecor<ling to von 
('ochenhansen, by a dyeing test. .) grins, of the archil to he test<*d are 
dissolved in I litre of water, and .'»<) c.e, of the solution an* dyed on 1 
grm. of wool. Tlu* (ly(*-l)ath is made up with ID per cent, (taken on the 
weight of the wool) of alum, and 'I per cent, of tartaric acid are added, 
tlu* dyed wool lu-ing then compared with the standarti types, dyed under 
the same conditions. 

For the detennination of the aigie acids, containing I lie colouring 
matters of the )>l.mt, IDO grms of tlu* ground plant are twice extraeted, 
liot, with dilutr* eauslie soda. I'he solution is oxidised by the aid of a 
solution of sodium hydroeiihu'it<^ *)!’ known strength, run in from a burette, 
until tlie originally dark red solution is changed to a pure yellow shade. 
Archil is adulterated witii h>gwood, or red wood extract, or with magenta. 


Quercitron 

(Quercitron is the dried ground hark of certain sp<‘c*ies of oak, (Qwenv/.f 
limioria {iiisr(t),Q. (Q. frijiila, inhabiting Wn'lh America (J’ennsyl- 

vania, (rcorgia, Carolina), which were formerly also eultivated in J’airope, 
especially in France. (Qmu-eitron comes into ihe market as a ])owd(*r, and 
as an extract of about 10^ to ‘.iO' Ik strength. 'The extract readily deposits 
crystals, and is a good haliitat for micro organisms; it niu.st be stored under 
special precautions. The colouring principles of (piercilron are (jnercilin 
and (jucrciirin. The latter is the glueosidc of the fonn(*r—viz., of the real 
colouring principle. 

Qneni/rin, C.,,IT,(>,,, + 211^0, is obtained by boiling the bark for six 
hours with a fivefold (piantily of 85 per cent, alcohol. Half of the alcohol 
is distilled off, ami the solution is treated with strong acetic acid, 
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followed by ati ideobolic solution of lend ncetnte to precipitnte the 
impurities. Any excess of lend ncetnte must be avoided. The liquid 
is filtered, and treated with sul[)huretted Iiydro^^cn to precipitate the lead,' 
It is then evaporated to dryness, the residue, <jiu;mlwi. is dissolved in 
alcohol, reprecipitated with cold water, and repeatedly crystallised from 
boiling? water. The rcsuUinjf pure quercitrin forms slij^litly yellow, 
brilliant, fine needles and scales; it is insoluble in cold water and ether, but 
soluble in liot water, alcohol, or .strong acetic acid. 

Quercitrin has a much lower tinctorial power than (juercitin 

Wlien qucrcitrhi is boiled for 'some hours in water, very slightly 
acidified with sulphuric acid, a icmon-yellow piiwder, (jnerdtin, is 

precipitated. It is very slightly soluble in liot water, and nearly insoluble 
in cold water. Hot alcohol also dissolves it belter than cold. 

(juercitin is formed from quercitrin in accordance with Die following 
equation: 

C,, 11^0,. + up - + (y i„o. 

Qncrdlriii Qu-nitiu Isodnlcitc. 

Imhilcile is a kind of sugar which can l)c olHaincd in a crystalline form, 
and is identical with the sugar {rhamnose or rhamnodulcitc) formed by the 
dccomjmsition of xantborliamnin, the gbK‘osi<lc of rhamninc (see Persian 
berries”), and there called rhamnose or rhamnodidcilc. 

The (jucMvitron preparations are used fin- dveingand printing cotton, and 
to a small extent for dyeing silk an<l w<Md. Tl»ev give variotis shades with 
different mordants with tin a bright orange, with chroiniiim a brown 
orange, with alumina a yellow l»rown, and with iron a dark olive. Quer¬ 
citron serves chiefly for shading otlxn* eolmirs, an<l is rarelv used alone for 
dyeing. The dyes are only mod(‘rately fast to light, liavitjg a tendency to 
darken. 'Miey will stand milling fairly well, 

Another (picreilron product, brought into the trade from America,and now 
largely used, is FI a due,a dark grey-yelknv to brownish ])o\v{ler. It contains 
nearly pure qucrcitin, but only very little quercitrin, and is manufactured 
by prcpariJig an extract from (jucrciti'on bark by boiling it with a solution of 
soda,and the alkaline solution is .slightly acidified with sniplunie acid. On 
applying gentle Iieat the flavine is precipitated, its tinctorial j>ow’cr is 
sixteen limes tl»at of (piereitron. 

(juercitin is also found in various other plants besides those mentioned; 
for Instance, in the flowers and fruits of the chestnut, in buckwlu’at, gilly¬ 
flowers, blaeklliorn, <S:c., though only in small quantities, and of no technical 
importance. 

In testing quercitron bark the chief points are n pale yellow colour and 
a fiiirly low content of water and ash. The extracts are adulterated with 
gelatin and dextrin, flavine espc-cially with yellow wood hark and <*alcined 
Glauber salt. Ihire flavine gives in boiling water a cloudy, pale greyish-yellow 
solution. On a<lditlon of aluminium sulphate the solution .should be bright 
yellow in colour, without any precipitate. A .solution of flavine loses its 
tinctorial power when left for some time in an open vessel. 

The colouring power is determined by trial dyeings as already described. 
10 grms. of quercitron extract, or the corresponding (juantity of bark or 
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flavine, an* dissolved in I litre (»f water, and 'JO e.e. «f the solution used to 
dye 1 fijrin. of wool. 'Plic latter must Ik* ])ro|)ared beforehand with a 
mordant of I'a i)er cent of tin salt and :* per cent, of oxalie acid. A series 
of standard ly|)es are kept for ooinparisoo. 

Redwood, Brazil Wood (Uoiht>l\. hois rou^i') 

Redwood is a collective name aj>plied to a larjj;e number of various 
species of wood, belonninj;, like h^ujwood, to the tamiiy Ia‘<;uminosir, ;icnus 
Cwsalpinin, and found in the Ivist (lulies. South and (eutral America, the 
Antilles, .Africa, Jamaica, and the Bahama Islands 'riie foll()winj^ prinei))al 
kinds are kmnvn: Ffmamhuco, 4)r l\’riittiiihiho //'<««/, the most valued kind, 
comes from Brazil and Jamaica as laru'o, round, very hard baulks, sinpp(‘d from 
Pernambuco. The wood is r<‘d in colour, yellow when newly cut, l)ut soon 
darkening. Ihliia or iroixl is shipped I'ia Bahia, and is of lower linetori.al 

power. It comes on the market in sejuan'd lo<rs. .S7. Morl/io {Murloii) troinl 
comes from Mexico in lo;js ucij^hinii ahontll)s., and is less apprei ialeil than 
Fernambueo wood. Xirdra^uu irood is in (lie form of unharked hraiiehes as 
tliick as a man’s arm. or Jaim/i irood, hard, red, barked lo^is, but with 

yellow }ulb, sometimes with <*njplv pith-ehannel, is .also called “ false sandal 
wooil," and comes from Siatn, China, Japan, Cochin China, CelelH's, .lava, the 
\V(‘st Indies, the Antilles, ^vc. It is a jijood brand, of about, the same value as 
Fernambueo wood. Lima irooil comes from South and Central .America in 
logs about 1 ft. thick ; Jira.si/irfif, Jamaiva. and llaltamc mhnxHl are poorer 
brands from a bush {HalMimodnalrofi) growing in the Antilles, Bahama, 
(luiana, ^:c., and shipped in |>eeled lengihs about y ins. thick, with a 
whitish skin. The Cafijornia mood brands come from California, twined in 
tresses, and .soon darken in tin* air. 'Lenajin/m mood is imported from 
Culoinliia. 

yV similar great variety exists with reganl to tin; diderenl sha<les th.-itean 
be obtained from llu- various brands of nalwood. 

Redwood extracts are prejiared in the same matineras alrciuly mentioned 
in the case of logwood extract. 

In this wood also the colouring matter is not contained in a d<*velopod 
state, but only in the fcu’in tif Ji comjMUind rich in hydrogen, viz., hru.si/in, 
wliieh, wiien earefully o\i«lise(l. furnishe.s the red colouring mailer 
hrnsHehi, f'|,J 1, ,0^. 

Brasilin is prepared from redwood extracts by various metiiods. 
C/im*ca/evaporated the decoction to dryness, extracting the residue with 
alcohol, diluting the* eooeentraterl solution with water, ajul finally preeij)!- 
tating the tannic acid with a solution of gln<*. 'I’he filtrate was again 
concentrated, and the brasilin taken up with boiling .alcohol, from which it 
crystallised out on cooling. 

According to Ih/ln/ and Kopp, the red incrustations <leposiled from red 
wood extract after a certain lime, and eonlaiiiing brasilin eompoumis, arc 
preferably iise<l. These dejwsits .are triturated with dilute acids, washed, 
and the residue extracted willi water and a little alcohol, The brasilin 
crystallises from the filtrate in felted yellow needles, and can be obtained 
from dilute solutions in tablets with variable content of water (1 to mole¬ 
cules). The crystals turn red in the light, have a bitter-sweet taste, and are 
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soluble in water, alcohol, and ether. The solutions also turn red in tlie air. 
Brnsilin gives a carmine-red solution with dilute caustic soda, losing 
its colour when heated with zinc dust on t)ic water-bath with exclusion of 
air. In presence of the slightest tra:;e of oxygen the red c<jlour reappears. 

To oijtain hra.sUcin ln>m brasilin, the above-mentioned alkaline brasillii 
solution ean be iis(;d after standing two to three days. On adding an excess 
of acid the eolonring matter settles down on cooling as an amorphous red- 
vitjlcl mass, with a golden tinge. 

Aia’ording to liiir/iia and EreJe. a solution of 10 grms. of In’asilin in a 
little alcohol and tOO grms. of ether is oxidised with 5 gnus, of strong nitric 
acid. The mass is allowed to remain therein an hour and a half, and two- 
thirds of the ether are then distilled olf, the rest of the solution being 
allowed to evaporate in the air. Tlie brasilein settles down in the form of 
lustrous plates. 

If air be led tliroiigb a dilute alkaline solution of brasilin, previously 
treated witli alum, a brasilein lake is dei)oslted in the form of a powder or 
as a paste wlien the mixture is acidified, /ine or chromium lakes ean be 
obtained in the same way. 

Redwood was formerly very largely used, but now very little, as it is only 
emj)loyed in cotton dyeing and printing to produce mixed shades. It is also 
occ.asionally used for dyeing wool. 

Redwood dyes are not fast to light or soap, and are deslroye<l hy acids 
and alkalies—reasons siiflicicnt to e\j)lain their .almost complete abandonment 
for dyeing. 

Redwood was used in the earliest times in East India as a dye ; and as 
far back as IIJIO dye-woods called brazil (from hrazo- rod lieat) were men¬ 
tioned. On the discovery of South America in 1.^00 Ihe country of Brazil 
is said to h.ave received its n.amo on account of this dye-wood being found 
tlmre in large (juantilies. 

As a substitute for redwood a dark yellow-reil wood, obtained from a 
cotton plant, Haph'ia uUida, is brought into the trade fia in the west coast of 
Afric.a (Sierra Leone, Liheri.a) or Jamaic.i. It is <'alled raiiihtil mxxl. The 
aijneous extract is of a yellow-red colour, turning to orange on adilition of 
le.ad salts. The eamh.al wood <lycs are said to he less brilliant, but con¬ 
siderably faster, than the ordinary redwood dyes. 'I'lie lakes prepared from 
redwood are now rarely used. 

Safflower (Sajffor, ('(trihmne, Safran BCitard) 

Sa/lhircr is the dried jH'tals of CarlliuniHs /h/r/orm, growing in some parts 
of Asia,.'ind now cultivated in nearly all eoiintrics, especially in Spain, Italy, 
(iermany, Hungary, Bussia, Rcrsi.i, Mexico, South America, and Egypt. 
Two kinds of safHower are known—one with large petals, the o^hcr with 
sm.'dl ones, the latter coming chiefly from Egyj)t. 

A wliole series of different brands arc known in the trade. Tlie dark 
red Penian sq/flourr is considered the best, E^ypium or JA’vaxliiie mffimver 
coming next. Other brands are the East hidion, the Suxlh .4merica/if Spa?mh, 
Hungarian (from the neiglibourliood of Debreezin), Italian, Human, and 
(ierman xajfloirrr, fVom Thuringia and the Palatinate. 

Safjlowvr is an annual, blossoming in July and August. The flowers are 
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collected as they fade and dried in the shade, or worked tip with water into 
small halls, or, linally—as is dune will) Arjjenline saJHower—steeped in salt 
water, kneaded, pressed, and finally dried. 'I'he latter method is spoeially 
desij^ned to remove a wortldess yellow eolojirin^ matter from the safHowor 
and to diminish the weight. 

A j^ood l)rand of safHower is free Irom (•ali<‘es and f'ort'i^n bodies of 
mineral origin. It should feel soft, somewhat damp, he delicate in fil>ro, 
cohesive, t)f a tlark hri^lU red colour and slrouj; annua. J t the flowers liave 
been gathered too late or not properly dried the colour is pale. 

Sartlower coulaius two eoiouriuf 4 principles sa/llonrr ifrllow, which is 
almost «.-nlirely solulde in w.itrr, and stijfloniu- red, or airl/niiiiiiu', sparingly 
soluble in water. 'I'lu' ytdiow eolourinji matli-r is pr<“seut to the extent of 
about .!(! to ;>() ))or cent., earthamine <udy O'.I to <) u per etuil. I'’<»r <lyeiii^ 
the Carthamine alone has to lu- eonsid< red, safllower y« llow bein}; of no 
practical vaiiii'. Tins also allbrds a reason for the special lix atment applied 
hy llie r.^yptians. as mentioned above. Aecordin**' to others, safflower is 
said to contain two yellow eidourin^ mailers (besides tlie red one), «uie of 
which is an acid ('27 to uO per cent.) and solubh' In eold w.iter, the other 
(2 to (> per <‘ent.) l)ei»ii; oidv solubh' in alkaline- wat<‘r. 'the colourin;' 
matters have not vet been obtained suliiciinlly ])ure for special investi¬ 
gation. 

According to Sc/ilicfin', (wdiaminc is manufactured in the following 
way : 

Safflowe r is washed tor some time with water l4> remove', the, yellow colour¬ 
ing matter as much as possible. Th<' remainder is l)»en treated with a weak 
soliititm of soda and pressed, the solution then containing the carthamine and 
various other constituents of the plant. To eliminate these impurities it is 
dyed on eothm, slrij)s of which arc dippc'd in the alkalim* solution and 
treated with acetic or citric acid to liberate the carthamine, wliich is then 
precipitated on the strips, and eoiuiirs them dark red. riie strips are next 
washed, a!id treated again with a solution of soda wliieh dissolve's (»nt the 
colouring matU-r TItc dark rt'd alkaline solution is treated with acids, 
whereupon a Hoccident carmine*red )>recipitate of pure carthamine comes 
down. 'I'his is filtered and washed, treated witli aleoliol, and (after the 
hulk of this latter has I)ccn distilled ofl) is finally evap(»raled over sulphuric 
acid in vm'uo. Carthamine llien forms dark red crusts with a greenish sheen, 
ora grei‘uish-hlack powder. It is sparingly soluble in water and ether, hut 
readilv soluble in alcohol. 

Safflower yellow is not recovered from the li aves. It decomposes very 
easily and (piiekly, especially in aipieous solutions. 

There are various brands of safflower on tlie market, partly used for 
dyeing, for [laiiiter’s colours, and especially for the inauufaeture of toilet 
articles. ^Safflower red is also used for this latter purpose, as w^ell as in the 
manufacture of artificial flowers, liqueurs, confectionery, iS:c. 

An impure carthamine, tlie so-called vegcfahle ml (rouge vrgt'lal), is got 
up for sale hy drying it on cards, cups, plates, t'^c. {rouge e/i ax.neHex,eH tosses, 
en feuil/cs). Sa/floiirr earunne is a strong, viscous solution of carthamine in 
water containing soda, «and was formerly used for dyeing. 

Safflower red, therefore, is difficult to obtain even in merely small quan¬ 
tities, and is consequently rather dear, and is not at all jiermanent as a dye. 
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The colminn*; inaUer lades very qiiiekly under Ihe liiHnenee of a weak 
solution of soda or oilier alkalies, elilorine, snlplmrous acid, and in sunlight. 
This explains why safHower lias lieen almost entirely displaced by artificial 
colouring mailers. 

It may bo mentioned h(.*re that roasted cobalt ores, intennediate pro¬ 
ducts ill tile manufacture of smalt and other cobalt pigments, are also called 
safflower. 

SaflfVon, Crocus (Sa fi-an) 

The saffron plant, ('roci/.s- xdfivux, comes from the Orient, but was also 
formerly ciiltivab-d in tin; South of France, in Spain, Austria, Switzerland, 
and North .Africa. Even now it is grown to smne extent as a eolonriiig 
ingredient for cukes, &e. 'I’he llowers are dried, iiiid furnish a dark reddish- 
yellow powder with a strong aromatic smell. Ifesides salf'nin nil and a h/l/er 
■principle, the product contains the colouring matter, crocifi, in the form 
ofa gliicoside. 

To manufacture crorin in tlic pure slate, tlie saffron oil is removed by 
agitatum with ether, and tin- colouring matter tlien cxlraeteil with water. 
'I'be a(jU<-oiis solution is shaken up witli IVeslilv burned bone black, which 
entirely rcmovi's the colouring matter, but gives it up again when shaken 
with alcohol. I’Ih- rcsidting crocin forms a brilLlc, v<'lh)wish-l)rown mass, 
soluble in water and dilute ah oliol, more sji.iriugly in strong aleoliol, and 
insoluble in ether. 

Saffron is now only useil for cohuiring Ciuifcetioiiery, 

Sap Green 

'I’his name is given to an iusju’s.sated «‘Xlract of unripe bucklliorn lierrics, 
to which some indigo I'armiiu! and alum have been added. It is not \’iTy 
permanent, and lias only very little piaelieal value. 


Santal Wood 

Tliis wood Is obtained from large lre(‘s, Plcrocarpiix xniilalitit/x and P. 
mliciix, growing in the I’.ast Indies, (\ylon, Timor, and on tlie (.'oro- 
niambd coasl. It eonu's on the market in sipiared logs, is (‘xtraordinarlly 
bard and heavy (sp. gr. I Oil), and contains about If) per cent, ofa colouring 
matter, xanUiUn. 

For the manufacture of santalin the ground wood is extracted with 
elber, the greater part of which is then evaporated, wlierenpon crystals of 
impure santalin are deposited. Santalin is then precipitated from the 
alcobolie solution of tliese crystals by lead acetate, as a lead salt {santalin 
has acid properties, and is therefore sometimes callial santalic acigl), whieh 
is boiled with aleobol ami decomposed witli sulphuric acid. The solution 
is separated from the lead sulphate and concentrated, the santalin separating 
out as small red crystals, melting at ('. Santalin is sparingly soluble 
in water, but readily soluble, to a blood-red solution, in alcohol, ether, and 
acetic acid. 

The ground santal wood is used direct for dyeing cotton and wool, the 
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colouring mutter being developed on the fibre by the aid of various mordants, 
and furnishing bordeaux-red to lilood-red shades. 'I'lie -saidal wood dyes 
being, however, very fugilive in the light, they are no longer used for cloth 
dyeing, but only for colouring eonfeelionerv, liipieiirs, and tinctures. 


Woad liHu) 

This is derivetl from ;i species of lir.Knlii. If. In/r<>l<i, growing in t’entral 
Europe (dermany, England, 1'ranee), and formerlv cultivated to some extent. 
The <»ne-year-old ))lants are collected and dried in the air, anil contain 
(especi.ally in the fhovers) tin* colouring m.itler lulcali/i. 

/wz/co/oi, V. is recovered from tlie acjucons extract of /h .\<7/« Itifco/ii. 

Dry extract is boiled fttr some lioiirs with water a<‘idi(ied with hydrochloric 
acid, then filtered through elolh to separate the precipitated rivsin fr(*m the 
solution, and allowed to ''land for .1 day. brown ini|aire luleolin is fornual, 
which is filtered, washed, .uid diNsolvid in ellu r, the resulting emulsion 
being strained through elnlli. The ethereal sohiti(»ii is shaken op with a 
dilute .alkali, .and on a(idif\ing tin- latter tin- eolouring malt< r is thrown 
down, and is driid, If the eoiouring matter is again tia ated with Imt alcohol, 
a yellow crystalline mass is (onued on encjiing, and this furnishes ijuadralie 
yellow crystals in the shape of regular coneentrie needles when reervstallised 
from aleoliul. The m*edles melt .ami sid>lime, with )).irliai de(auuposill(m, .al 
.SiiO ’ C. They are sparingly soliihli' in boiling water, very slightly st> in 
cold water, hut more readily soluble in .ih-oliol. .SohiLitms of alk.alies, alkali 
Ciirhonales. and ammonia dissoiw luleolin to.a deep yellow solution. ()n ev.apo- 
rating the ammonia jtiin* lulcoHn is left behind. Sti'oiig sidphurie acid 
gives .a d.ark reddish vi’llow solution. 

W'oad is used lor iheiiig «'(»lton .and wool, yell<>w, brownish, and olive* 
shades being obl-aiiual. which, howevi r, are not fast to light or st>ap. The 
-alumin.a lake, however, dyes silk a bright and permaneiil yellow, and is still 
used oeeasionally. 

■Wtiras 

'I'he husks of a bushy plant, Fhiiiiii^id roy/ge,v/u. grtjwing in India and 
Africa, contain a red lasinotis powder, which in the dry stale forms the 
colour drug imr/i.s\ 

fl'aras is extracted with carbon disulphiile, dried, and afterwards tiiated 
with hot chloroform for some time, the li(jui<l depositing a r<'d precipitate on 
standing. The jireeipilate is sep.iraled from the li(jUor by filtration, and the 
filtrule is evaporated, 't he residue is erystallisetl by means of toluene, and 
gives an omnge-red eryslalUne powder, y/e///o/gbze, {',.,11,/);,. It is readily 
soluble iwuleoliol and acetic acid, but s})aringly soluble in toluene and 
chloroform, and melts at 171° C. The red preeijiitale obtained by the 
chloroform treatment is crystallised again from hot chloroform, and furnishes 
a red resin, remains in solution, and can he obtained, by 

evaporating the liquid, as fine yellow needles, melting Jil Ibi C. It seems 
to have the same chemical composition as fiemingine. 

Waras is mainly a dye for silk. The operation is performed in a boiling 
solution of soda, and furnishes golden yellow sliudes with an orange tinge. 
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Wongshy (fyo»gs-/ii/) 

The frtiiL of a plant, (ianlaiiin gmmliflora^ ^rowiii^ in China, yields a 
colouring mutter M liich lias been isolated as an amorphous red body, and is 
believed to be identical with the crocin obtained from saftron. It is used in 
China for dyeing (‘otton, and produces green and yellow sliades. 


We have now dealt with the most important animal and vegetable 
colouring matters, esjieeially those formerly used to a considerable extent 
and still partly enijdoyed. No attempt has been made to give an exhaustive 
descriplion of all known vegetable colouring matters, or to explain their 
chemical constitution, ikv. A purely practical work like the present is bound 
to confine itself to the requirements of existing practice, which is not largely 
eoiieerned with more than a few ()f the natural organic colouring matters; 
these will be more fully treated in the manufaeturing section. 



\\\\\T H 

ARTIFICIAL ORGANIC COLOURING MATTERS 

COAL-TAR COLOURS 

'rile origin and (lcvcKn)nu-nl <if IIk' c-oal-tar colour indusiry represent one 
of the grealest triumphs of modern chemistry during the last century. In 
spite of the slun'l period (half a century) that has elapsed since the manu¬ 
facture of these ]iroduets was commenced on pi\»}K*r lines, the number <»f 
the manufactured products is now so great, their application so varied, and 
eonse(piently the demand so immense, that, in (iennany especially, very 
extensive works, oecupving many thousand hands, are now engaged in the 
manufacture of these ))roducts, a still larger mnnher of persons being con¬ 
cerned willi the commercial side of the iudu-.lrv. 

Tile manufacture ot the lirst known arlifieial organic colouring matters 
was roughly coincident with the begiiming of the si'lenlifie study <»f organic 
chemistry, which originated in the investigation of |)harmaceuLical and 
medicinal remedies. 

'I'lie earliest of the artificial organic ♦•olouring matters made their ap¬ 
pearance in the eighteenth century. (tiscovered picrir (u id by treating 

certain resins with nitric acid, and it is remarkable that lliis (irist artificial 
organic colouring matter still retains its imjiortancc. by treating nrie acid 
with nitric acid -S'c/zcc/c obtained viunwidr, wliicli was temporarily used for 
dyeing purjioses. These discoveries, Imwevcr, were not the beginning of 
really scientific studies in colour chemistry, but were merely accidental, and 
not arrived at by design. In order to enable a rational and systematic study 
of the manufacture of technically suitable colours to lie pursued, it was 
primarily essential to have at disposal a suHiciciit quantity of raw' material 
at a suiUible price. 'J'bis material was found in coal tar, w'hicb at tlic begin¬ 
ning of the coal-gas industry was a by-product of no value. 'I'lie (juantities 
of tar obtaineil, however, were so great as to render the discovery of some 
method of utilising them a jiressing necessity. The preservative power of 
the tar as a coating for wood was recognised, and another use was discovered 
for it as fuel. 

Tar is a di.stiilation product of coal and lignite, the eliemist applying the 
tenn “dry distillation to the process of decomposing dry organic bodies in 
a retort. Coal is a vegetable product. While the plant lives it takes up 
food from the earth, and works it up hy llii- aid of light and heat from the 
sun. 'I’he dead vcgeUible substance gradually loses all its oxygen and be¬ 
comes richer in carbon, until it ceases to resemble an organic body, and 
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assumes a more and more decidedly mineral character. According to the 
age and degree otthis process of decomjmsilion with reference to the 
termination of the carbonising process—tlie fossil deveiojnnent of dead plants 
can be classified as follows: peat, lignite, and coal, the latter in its purest 
state forming anthracite. 

Just as modern physiological chemistry is <|uite able to recognise and 
control the vital activity in all parts of plants, so also can it utilise all the 
products of this metabolism. Warmth and light, which enable the plant to 
live, are stored u)> in the jdant in a latent eondition; and coal must therefore 
be regarded as an accumulator of Ijeat tliat can be uti!ise<l in different ways. 
Colour, howev<‘r, is a ])roduct of light; and llie light wind) once illuminated 
the plants can also be considered as warehoused in tljc coal, so that the 
colours of llie ])laiits fossilised during thousands of years are now recovered, 
in new beauty by chemical science. 

('oal is decomposed by dry distillation into gases and li(juids, wind) are 
colleetial si'parately. I'he li(jiiid chiefly coiisjst of water anil lar, this latter 
forming an extraordinarily complex mixture of various laalies. inV/wgr and 
Uciclic/ihdi fi were among the first to inveslig.ite tar. lUinge studied coal tar, 
and isolated ftlii’iiol (carbolic acid) and aiiimil (aniline), together with a 
colouring matU-r, n>.svlic add. Ueidienbadi found in wood tar i'm>.vo/t’ 
and panil/iii, ami also .a colouring matter, jdlttifall; hiit these discoveries at 
first excileil little aUeiilion. ./, //'. UofnKinu was om^ of tin; chief founders 
of the coal-tar colotir industry, In’s rese.arehes first ivvealiiig the I'ompounds 
oil which the coabt.ir coJoiir iiidnstry is sfill b.ised. Hofmann foimd 
that lbmg(*’s r;//oW, I biverdorbrirs cn/da/li/t (obtained hy distilling indigo), 
/inhi s (h'n:jid/i»t, and f ril/sdie’s (ii/ilinc were all the same Ixaly viz., 
atnid(d)t‘iir.fiic-iini/i/i<\ He also fbniid (hat the henzeni- o[il;iitie<l by 
Milscf/rrdck from bc.nzoic acid is contained in coal tar. Milsdicrlich had 
.shown how to transform benzem^ into the nitro di-rivativc; and '/iiiut 
obtained amidohenzene from nilrobenzene and called it aiiilii/i'. Tlie 
composition and relatitm of these bodies one to anotiier and towarils phenol, 
bcnzaldehyde, iS:e., were ascertained, these bodies were manufactured, and 
H eommencement was made to use coal tar instead of vegetable products as 
the raw material for them (ISk)). 

In 1 picric add, nhasuly long known, was practically ajiplied in dyeing, 
(iiHiion (I-yons, l.Stp) using a jiatenled process for dyeing silk yellow with 
picric a(‘id. I'inally, in ISof) tiie first true aniline colour, “ I’erkin's violet,’’ 
was discovered hy the I'.nglish clumiisL Pcrilii, wlio prepared it from aniline 
by means of potassium bichromate. 

IWiiii Ibimd this colouring matter posse.ssed hitherto unknown tinctorial 
power and brightness, and lie himself utilised the discovery: practically 
he cxiahlishcd the first vifiiiiifadonj of coal-tar colours. Perkin’s violet was 
sold as luaucdii, or muiicc (after the violet Howers of tlie mallow). 

After this most important discovery of beautiful violet from colourless 
aniliue, a great many ehemi.sts tried (and successfully) to prepare it from 
the same material by another method tlian that used by Perkin. Caro 
obtained the same body by the aid of cupric chloride, Schcurcr-Keshier with 
bleaching powder. Moreover, simil.ar investigalion.s were made in many 
other directions. ./. R'. Hofmann and Xalhatison had already in 1858 by 
treating aniline in various ways obtained a briglit red body, which was 
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.obtained a^aiii in I8*)<) by the French chemist Verguhi in a diffei'ent 
manner. A Frcncli house took out a |mtcnt tor manui'actiiriii^; this colour¬ 
ing maltcr» which was found to he of even greater v.du<‘ inanvein ; and 
the product was brought into thetra»le as mogrnUi (fuchsine). Mofinann, 
after studying the green, Hnoresfcnt cryst.ils. foimd tluMu to consist »»f a salt 
of an organic base, which he called ro.samlinv —a substance colourless in the 
free state, though forming coloured salts. I le also diseovered that losaniline 
Cournot he made from pure aniline, but that it is produced from toluidine, a 
lM)dy associated with aniline. 

Rosaniline base was also studied by numerous ehemists. liy various 
methods Hofmann and dcifcr obtained Hofmann's violvt ; Sic/atlson a blue 
Colouring matter ; Cherpin and Vsihe a gri'cn, wliieli was soon followed by 
another green colouring matter, methifl irreen ; so that all the colours of the 
spectrum, <“xeept yellow, were obtained from rosaniline. 

A e(d<niring matU'r of dillerent origin was I.auth’s mvlhpl Wo/c/(from 
wliich mt’lliyl g/vra can l)e oi)lained); another being anrina [Koihe and 
Sc/inndl). The latter is homologous witli liunge’s rosolir acid. 

Li^htJ'ood (I8().')) found aniline black a eolouring matter of the greatest 
importaiioe for dyeing and printing. 

Up to this time lix' aelivity of chemists in this new hraneh of coltmr 
chemistry had been of an empiric character, hut Kckn/c'x ihcorv of the consti¬ 
tution of benzene (18()7) brought a suddcji change, and chemists tried t<i pro¬ 
duce the various derivatives and substitution ])roducts revealed as possible by 
this theory, their experiments proving highly beneficial bi the cohnir industry. 

'I'he artificial production ot' alizarine (IS(i8and IMfij)), the well-known 
colouring principle of madder, from ani/iraccne by (iracl/c and IJchcrmann 
was of the highest imporlanee. (Anthracene is similar to naphihalene, and 
is also ])resenl in coal tar.) Their metliod of producing alizarine, liowever, 
wis unsuilalih' for manufacturing purposes, the product being bM» dear; hut 
it indicated the prop(‘r way, and soon afterwards Caro and Cerkin, working 
on diHereiit lines, found a practicable process. The synlliclic manufacture 
of alizarine naturally had serious economic rcsidls in the countri<‘s where 
madder was cultivated on a large scale, affording profitable employment to 
a large number of peojile and large returns to the revenue. 'I'lie conditions 
of two luindred years previous, when the existence of the w’oa<l cultivators 
was threatened, were repeated. Attempts were made to restnet the importa¬ 
tion of alizarine by mean.s <»r premiums to the madder eultivalion and grants, 
but with the same negative success as in the case of imligo. J'his struggle 
against alizarine w’as ]>erhaps tlie reason wliy the coal-tar colour industry, 
which, as already seen, was originally centred in France and Kngland, has 
been transferred to (iermany, tin's step being also assisted by certain legisla¬ 
tive advantages granted in the latter country. In the first place, the absence 
of any patent law enabled foreign inventions to be worked, and there was 
no tax on alcohol for cliemical purjioses—advantages not so fully shared l)y 
England and P'ranee. 

In addition to the red, a number of blue and other colours, distinguished 
by great permanence, were soon obtained from alizarine. 

Binitronapldol, the first naphthalene eolouring matter^ and closely allied 
to picric acid, was prepared by Martins, the same raw material also furnishing 
tlie bright red colouring matter Magdaln red. 

2(J 
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lifiPifer in 1874 discovered quite n new class of coloiirlnfj matters witll 
and properties, tlie phtafnues, all those previously known [)ein<( of a 
character. Tlie first of this <-lass was a hrijjiit red, which exhibited a strong 
j^recnish (luorescence in alkaline stdutions, and was therefore called flmresirin 
{Uafyer). 

(Vno, by treating; riuorescein with bromine, obtained the famous vmne, 
which was followed by a number of variants obtained bv similar reactions. 
A species of phtalein, rhndauiim', discovered in ISSp by ('m'ltsolv, is a 
colouring matter as bri^fht as cosine, hut much faster. 

11. and 0. Fi.srhcr in 1877 discovered nialach'dr ^irni, which is still 
manufactured from benzaldehyde by their method. ImkI/i obtained in 1870 
chmmmhh\ containing sjdphur, from which class i/uil/i/l nold, and later on 
VH'l/iiilnie blue, were derived by ('ar<>. At the same time rlinisoidiu and the 
im|)ortant (tlass of <i'o ro/otm were found, and wtaa- sjuTially investigated by 
AV^-wZ/^and Jlidi’^/i: and oxt/arji compounds, from which /^ tovV.v.v obtained dia^o 
compounds. (). N. fFill and Iwussiu, a I'rcneh chemist, made a special study 
of the azo colours, a group which, in point of variety of colours. a)>|)lications, 
am! extent of manufacture, has attained much greater imiiovtanee than any 
other. A/o eolonrs may he of acid or basic character, and cither adjective 
colours or developed on the base or fibre. 

At the cud of tlie nineteenth century, after twenty-live years' strenuous 
lal)our, iudigo, the most important colouring matter, and one known and 
used from tlie earliest times, was prepared sipil/icficalhi. Already in I8()<) 
liacycr iu\d EmmerHu^ had discovered htdol, and Kcucki had obtained indigo 
blue l)y tlie oxidation of this sidi.stanee. Eio^lcv and Evimcr/lii^, and also 
Claiscii and Shadu'cU, prepared synthetical indigo in \ arious wa\ s; but tlieir 
methods were of merely scientific interest, and could not be applied in practice. 
In 1880 liaci/cr applied for a patent for his methods of manufacturing arti¬ 
ficial indigo. JiacJfcr himself, and other workers lilce Ilcumuiiu, llooi^cii'cijl 
and van Dorp, Suudmci/cr, and others, extended ami perfeeteil the original 
methods and discovered new ways of manufacturing indigo synthetically. 

'I'he manufitelure of artificial indigo continued to make progress, and by 
I})()() the Ihulisehe Anilin- und Soda-fahrik, of Ludwigshafen, was alreaily 
producing about 1000 tons of artificial iudigo a (juanlily ecpial to about 
one-fifth of the total production of natural indigo. 'I'lie niiinufaeture of synthe¬ 
tical indigo having now been taken up by the lliiclist h’arbwcrko and other 
colour-makers, the natural indigo industry will soon meet the same fate as the 
madder industry. 'I'his change, however, will re.ally benefit tliosc countries 
where indigo is now cultivated, since the immense tracts of land devoted 
to this jmrpose—and from which the natives derive less profit than foreign 
capitalists—can then he used for growing wheat and other food-stufl's. 

Mention should also be made of the sujiue colouriu" mailers (coal-tar 
colours containing much sulphur), of recent date, hut of the greatest 
importance. In 1878 i'ro'maul and Urclonnicre obtained colouring muttons 
by fusing various organic bodies like tannin, cotton, wool, silk, glue, starni, 
sawdust, &c., with sulphur, or siilphiir and caustic soda (alkali sulphides), 
'I'hese colouring matters, containing suljihnr, arc capable of dyeing the 
vegetable fibre direct, and furnish very fast dark grey to black shades, 
especially when afterwards treated with potassium bichromate. In spite 
of the bad smell of the contained mercaptan compounds, these colouring 
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matters (known as sulfiue colours and cac/ioif dc Laval) were largely used in 
England, France, and Italy. Thev are soluMe in alkali siilpiutes, and in 
tills condition are sold as cachou <lc Loral S. 

After a long interval f idol reinvestigated these colours, and l>y treating 
derivatives of the aromatic series obtained (in IS});:) a group of bright black 
fast colouring matters, which he called uoir I idol, tn* iliiocatccliui, and 
patented. Viilal's work led t<j a thorough investigation of these colours, 
and a large number of manufacturing processes were devised. Snlfme 
colours of special vilue^ are imnirdial Idack ((’assella) .and luiligrn hlack 
(KIberfeld). 

In this review of the most important periods in the progress of tlie coal- 
tar colour industry wc must include a short liistory of its development, 
which, for (iermanv especially, was (►f tlie highest import,-nua'. In no 
other branch of chemical industry have practic(^ and sciema* been so 
intimately combined as in the manufacture of artificial colouring matters, 
and no other industry has foslereil and enriched eliemieal science to sneli a 
degree. The scient ilie eohmr cliemists cannot and must not work empirically. 
The material at disposal is tlmroughly invesligab'd, its constitution and 
properties are known, tisls ami risielions are. pertbnned in aeconlance with 
a definite scientific plan .and for the attainment of theoretical {-nds ; and it 
is only very sclilom that the colour chemist nu-els with suhslanees and 
jiroducts witldn his province with the chemistry of which lie is not 
acapiainied. 

COALTAR; ITS MANUFACTURE AND TREATMENT, AND 
THE RECOVERY OF INTERMEDIATE PRODUCTS 

a. Tho Raw Material 

It has already been mi nlioned that tlu' coal-tar colour industry was not 
founded in (iennanv, but in I'.ngland and Francis and it w.as (‘specially pointed 
out that the proper investigation of tin* derivatives suitable for dyeing pur¬ 
poses did not lieeome ])ossible until a cheap raw material was at disposal in 
large (juantities, instead of merely vegetable products found in small <juan- 
tities and only at certain seasons. Such a material is coal tar, a by-product 
of the manufacture of coal gas, wbieb was used for illuminating j)urposes in 
England and France inueb earlier than in Oennany. 

Sources of natural gas issuing from the earth have been known from the 
earliest times, and such gas was also used for illuminating purposes. licchvr 
(Munich, and Uulcs (iT'ii?, England) studied the dceomposition of 

coal by dry distillation, and showed that a combustible gas was produced. 
Claiflon tx\u\ Minkelcrs m 1T84 continued tliese researches, and their results 
induced Lord Dundonold to pa.ss the gas produced in Ids coke furnaces 
at Culross Abbey through coolers and tlien collect it. lie separated the gas 
from the li(]uid distillation products, and used the former for ligliling his 

* The maiuifactnro of sulliiie colours hiis riM-eiiUy made au extraordinary advance. 
In 190d all shades w«;re known except a l)riglit red. Jn 11*07 (lie Kalle colour works at 
Biebrich-on-Uhin»t discovcreil tfi'ioimHi/o rrd and t/iimmlifio ararlti, two red colouring 
matters of tho highest iini'ertance, being very fast to acids and also chlorine. 
[Translator.] 
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works. The Scotch engineer Murdoch established plants for lighting fac* 
torieswitli coal gas at various places; and tlie German Wvizlcr (in association 
with Vhgg, a Scotchman) lighted a street in 1808, and later on the wliole parish 
of St. Margaret's, London, by gas (1814), both in the streets and houses. 
had already devised apparatus for purifying gas with milk of lime, as well 
as the gas meter, and these two engineers establislied a regular gas factory. 
/LiWer (1817) also introduced gas-lighting in France. In Germany gas¬ 
lighting was introduced at Berlin and Hanover in 1827, at Dresden and 
Frankfort-on-Main in 1828, the plant being supplied by English companies. 

'I’he manufacture of coal gas forms, so to speak, the mother industry 
of the coal-tar colour industry, and from what has been said it is very easy 
to see that England and France were the likeliest places for tlic develop¬ 
ment of coal-tar colour-making. Conditions, however, have now entirely 
clianged. At first the German coal-tar colour industry depended on English 
gas fi>r its sjipply of raw material, htuI large quantities of tar products were 
imported Into Germany for colour-manufacturing purjjoses. At present 
German iron-masters collect the tar produced in the l)last furnaces and 
coking plants, and, with tins source in addition to gasworks tar, the German 
coal-tar colour industry has become independent of foreign countries. In fact, 
despite the immense extension of the industry, it is now unable to consume 
more than a portion of the tar products available. 

Tlio coal used for gas niakingand coking is mined in flernnmy in Rhenish 
Westphalia (the so-called Rnlir coalfield), on the Saar, in Silesia, and also in 
Saxony (near Zwickau, Clieninitz, and I^auen), and in Bavaria (Stockheim). 
England, Belgium, and France, and latterly Australia too, send gas coal to 
Germany in considerable quanlitics.especially to the NortliGerman ]>orts. The 
Austrian gas coal mined at Pilsen and Ostraii have also to be taken into 
account. 

The dry distillation of coal furnishes gas, ammonia liquor, tar, and coke. 
The qiiantityof these products varies, and depends on the nature of the coal 
used, the temperature and duration of the process, the size of the charge, and 
the pressure obtaining in the retorts. Tar being the only product of interest 
here, there is no need to discuss tim re.st. 

Coal tar is a brownisli-black, oily, viscous Huid, coloured by suspended 
carbon, and of an exceedingly eomjdex composition. This varies not only 
according to the coal distilled, but the tar from one and the same coal will 
vary according to tlie way the distillation is conducted. Lignite, wood, 
and peat contain mucli hydrogen and oxygen, and hence the tar from these 
materials is of different composition than that from coal containing little 
hydrogen but much carbon. Lignite yields tar especially rich in derivatives 
of the fatty scries, wiiilst coal tar furnishes the aromatic bodies required by 
the colour industry. Tar from coke ovens is less uniform in composition, and 
is only of value for colour-making when produced at high temperatures. 

A ton of coal distilled in gas retorts yields about I cwt. of tar, of sp gr. 
M to 1 - 26 . 

Tar contains more than a hundred distinct substances, more or less 
accurately known and identified. 

To separate and isolate these the tar is redistilled, furnishing gaseous^ 
aqueous,and oily distillates, the last-named setting more or less hard when cold, 
whilst pitch remains as a residue in the retort. Tar distilling is now a sepaxate 
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industry, the tnr being subjected to fructiona) distillation ” in large stills or 
retorts (about I Oft. wide and 12 ft. high), the various fractions of the distil¬ 
lates being collected separately, aceonliiig to their temperatures. The water 
occasionally present in tlie tar distils over with the first runnings, up to about 
110*C.,andisfollow’ed by the “lightoils," up to 170'‘C‘. Next the “medium 
oils” pass over until 2IKr C, is reached, then the “ heavy oils” (270° C.), and 
filially anthracene (green oil), which is collected as long as any distillate 
comes over. In the most recenl practice tlie distillation is assisted by reduc¬ 
ing the pressure in the stills or by means of superheated steam, especially 
towards the end of the process, the distillates llien being no longer li<j[uid, 
but solid, at the ordinary tempcralme, though kepi in a liejuid stale by the 
hot steam. For the siime reason the pipes in the condenser are heated with 
water or steam instead of being cooled, or the distilled products would 
condense and choke the pipes. 

The oily distillation products, which alone are valuable to iiic colour 
mauufacluriT, form aliout 4S per cent, of the total distillates, and contain, iiilrr 
alia, the following bodies, in pereenlages of Ibe (U’iginul weight of eoal-lar: 
BcuzeuCy 0 () to 0 S per cent. ; toluene^ () 2 to O' t j)er cent.; .ry/t'nc, t)‘l t<» 0 2 
per cent. ; phcuolft, ()-2 to ()•;» per cent. ; emvo/.v, ()•.'> to O’S per cent. ; naph¬ 
thalene, 2 to 10 per cent. ; aiilhraceiie, 0 2 to O *!- per cent. 'I'liese <*ompounds 
form the raw material for the manufacture of artificial organic colours. 

Resides the above-named compounds, tar also contains cyanogen, nitrogen, 
carbonic acid, hydrocyanic acid, sulphuretted hydrogen, ammonia, methane, 
ethane, acetylene, ami other derivatives of the fatty series, jihenantlirene, 
fluoreue, pyieiie, chrysene; also eliinaldine, aniline, lutidine, acridine, 
carbazol, &:e. 

The crude fractions from the first (lislillatiou are subjected to further 
treatment, and the resulting material is purified. The benzenes arc washed 
with sulphuric acid and neutralised by alkali; naphthalene ami anthracene 
are freed from adherent oils by hot and cold pressure, and sublimed if 
nceessjiry. 

After this preliminary refining the so ealled light oils are again frac¬ 
tionated to obtain benzene, toluene, and xylene in a state of sufficient jiurity. 
Owing to tlie difliculty of purifying xylene, the latter is frequently mixed 
with other members of the same fraction and sold as “ solvent naphtha,” 
for dissolving resins, caoutclioue, ^i:e. 

Tile crude light oil is redistilled, and the fractions are collected according 
to their specific gravity instead of their boiling-point, light benzene being 
collected up to 0 89, heavy benzene up to 0 y.O, and afterwards phenol oil 
with a specific gravity of about I, A residue containing iiaphtlndene 
remains in the still, and distillation is stopped as soon as a sainjile taken 
in a test-glass solidifies on being cooled to 1()° C. Tlie residue in the 
retort is then added to the medium oil. I’he light benzene is treated with 
caustic soda and thoroughly well stirred, or air is driven in, in order to 
remove the phenols. After the separation of llie light oil from the caustic 
soda it is treated with sulphuric acid, ami finally waslied. It represents 
crude benzene, which is distilled in a column still. The somewhat compli¬ 
cated treatment, witli repeated washing of the various fractions, enables the 
pure benzene to be separated from the various commercial brands, 1. to IV., 
and from toluene, xylene, and cumene. 
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Ihmnf benzene is washed in the same way as lii;»lit benzene, treated with 
acid and alkali, and fractionated in tiie still. 

The snlpliuric acid from the lienzene washinj? process contains pyridine 
ha.se.s, and is tliercfore called j^yridine sulj)huric acid. lly a somewhat 
comj)licaled treatment, these bases are precipitated from the acid and other 
impurities, and are used for denaturing alcohol or j)urifviM<; anthracene. 

Mediim oil forms the principal raw material for the recovery oi'nap/it/ialene, 
phenols, and homologous derivatives. 'I'he oil is lirst redistilled, the lighter 
fractions l)eing added to the medium oil, the higher fractions to the heavy 
oil. 'J'he medium oil is then crystallisetl in large boxes iti a separate special 
building. As a ride no artificial cooling is em])loycd, and the duration of 
the cry.stallisalion depends, therefore, on llie temperature of ihc air. The 
masses of loose crystals de])ositcd consist of naphthalene. The residual oil 
is woi’kcd iij) to phenols and cresols by fractional di.stillation, the higher 
fractions being treated with caustic soda. Phenol and cresol are precipi¬ 
tated from the waste liipiors by treating them with mineral acid (generally 
sulphuric acid) or carbonic acid. 'I’he crude phenol and crcsol obtained in 
this way arc purified by distillation and crystallisation. 

Heavy oil is at the ordinary temperature a viscous fluid mass contain¬ 
ing a (pianlity of crystals in suspension. ’Phesc crystalline .substances 
are chiefly naphthalene, besides aconaphtlienc ami cerlain olher liodies. 
Najdithalene is separated from tlie oil by pressing, iS;c., and added to the 
Jia})hlhalene obtaineil from the medium oil. TIu* residual oil chieHy contains 
plieiKils, and is mostly maiuifactuved into disinfeelaiits. 

hapidhaleni: is purified by the aid of hydivnilie j>rcsses or similar macliines, 
the last traces of oil being n-moved by warm pressing. 1 his naphthalene 
has already a rather high melting-jM>inl, hut always contains imi)urilie.s, 
which can he removed by wasliing the melted najdithalene with snlpliuric 
acid at lOO 'C., neutralising it with caustic soda and pure water, and finally 
by redislillation. The naphthalene obtained from tlu' retort may either he 
collected as a liipior in special moulds, where it sets into cakes on cooling, 
or the najihthalene vapours are led into large chambers, where they deposit 
as a sublimate. 

More than lO.OllO tons of na})hthalene arc |>roduccd in (Icrmany yearly. 
'I'hc [irodiict is used in colonr-manufaclnring as a raw material for azo colours 
and for phtlialic acid, the raw materia! for the naplithalene colouring matters, 

Anlhraeene is obtained from aniJwmrve oil, as a greasy, green mass, and 
is freed from most of the adhering oil by pres.sirig. 'I’he pressed mass 
contains about 10 to per cent, of antliracene, ami is again treated in hot 
jn-esse.s, a product (if u[i to .‘fO per cent, of anthracene being obtained. In 
another method antiiraeene oil is allowed to cool, or is artificially cooled, 
^’hereupon anthracene crystallises out, and is forced, along with the liejuid, 
through filter presses, whieli retain the anthracene. Centrifugal separators 
or other suitable macliines are also used, and even the old-fashioned filter 
bags are still found in some works. 'I'he re»dting mass re})re.sents crude 
commercial anthracene, and contains ;>0 to 40 per cent, of pure anthracene, 
'i'he anthracene oil is generally redistilled, to recover ns mucli of the 
anthracene as possible. 

The crude 40 per cent, anthracene is often used direct in colour works, 
after being purified, or is first purified and concentrated by the tar distiller. 
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At the same time anthracene is separated as eninpletely us possible from the 
earhazoi and phenantlirene, ])rcsent in considerable (juantities. Tor this 
purpose the K) per cent, pressed material is dissolved by the pyridine bases 
obtained fro>n dislillalicm. These liijiiid leases are able to dissolve those 
two substances in •^reat quantities, whereas anthracene is only sparinjjly 
soluble. This treatment furnishes SO per cent. anthracene, which sellle.s 
dowji in the apparatus as a eryslalliiie pap. It is afterwards put into a 
heated dryiiiiL^ apparatus, where tin* fmal (races of adiu-rent pyri<line are 
removed. Anlliracene obtained in this way is a soft dislinctlv crystalline, 
jfreen powder. 

Very few of the al)ove nu“ntioned t.ir products are directly used for 
colour-makin;;, and most «»f llicm must l»e <-onverted by chemical processes 
into derivatives. suital)le lor reactions em|)loyed for pnxbieiu^ the eolourinj? 
matters. 'I'hest* products are *rvn('iallv ealhd liilcnNcdlah' fniiiliulx, and they 
are jiartly prep:ir«(l in tar distilleii<-s and partly in colour works, 

.Niany tar products are alsoutilised in (Oher ways. Benzene ami homolo 
j>;ous derivatives, for instance, are us<'das solveiils in many industries. Inferior 
coal ;;as is sometimes earl)nr(“lted with bi-nzene, which enriches it with 
carl)on and iihproves tlu- illuminatinjF power. Blunol (earlmlie acid) is a 
widely used disinfeclaiil. Bheitol also furnishes .uilinilic avid, a dislnfeelaiil 
and medieanu-nt that is also used in e<'}our-mamifacluriii». Phenol is a 
source of pierie aeid, which, .apart from its tinctorial proju rlies, serv<‘s as a 
conqxmeut of explosives (melinite, lyddite). 

'I’he eresols are belter (lisjjifeetanls Ih.in llu* ))benols, ami aie used in 
making suita])le derivatives (ereoline, solutol, lysol, ^:e.). Napbtlialeue 
serves as a earbnretling nu-dium (albo-carbon lij;bt), as a moth destroyer, and 
for makiiifr lampl)laek. The pyridine is used for denaturinjj aleohol,uiid also 
as a solvt'iil. 

h. Tho Intormodiato Products 

'File manufaetnre of these products is partly based (u> veiy complicated 
and dillicult chemical processes, which can only be understood by those 
possessinv, alhoniu^h knowled^^e of eliemieal reaeluuis. Althou;;h for this 
reason this part of the coh>ur*ma]iufacturiu;( protarss does not really come 
within the scope of the present work, it may be brielly sketched, in order 
to convey some idea of the way the raw m.alerials ol)lanu'd fnmi tar are 
converted into tlie finished pn duets, namely, dye sliilfs. It may also be 
mentioned that these reactions are a|)plied ih» 1 only to tlu* raw materials, 
but also to eifeet the decomposition of the colouring matters ami convert 
them into other colouring principles. 

'J'he most im|>ortant operations in the manufacture <»f the chief inter¬ 
mediate prodiu-ts of the eoal-lar colour jiroccss are miration, snljdionalivn, 
and amklation. 

Xiiralion is usually effected by treating? the raw tnaterial with a mixture 
of strong sulpluirie aci<l and nitric* acid, p()lassjum or sodium nitrate 
being sometimes added to the sulphuric acid. 'Fbe effect of this nitrating 
process is that one or more of tlie nilro groups—/.c., of the nitric acid radicle 
NO,, —disj)lace liydrogen in the substance under treatment, water being 
formed ; e.g.: 

+ HNO3 = - NO, + IJ3O. 
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The sulpfiui ic jicid eliminates water, and does not enter into the new - 
compound. The details of this ])rocess vary considerably, according to the 
ease or diniculty with wiiich materials can be nitrated. In certain cases it 
is quite sufficient to use nitric acid without any addition of sulphuric acid. 
The proper temperature is a matter of inqjortanee. Sometimes the ordinary 
tern])erature will suflice, at others heating is necessary, and finally in many 
instances the temperature must be reduced to freezing-point. Tim chemical 
nature ot the materials to be nitrated and the position of tlu* liydroxyl 
groups to be displaced by the nitration process also |)lay an imjxM-tant ))art.' 

VVlicn several nitro groups have to be introduced into a chemical com¬ 
pound it is sometimes more advisable to treat the substance with siilplmrie 
acid lir^t, and then act (Ui the sulpbo acid with strong nitric acid, the N()„ 
group in such ease replaeijig MSO., groups. 

SiilplioiHilion is based on the disjdacing of a liydrogen atom by the gnmp 
IISO,. Sulj)imrie acid, N.SO,, is deconip<>scd to I lie group HS(), + 11(>. The. 
latter combines with tlie displaced hY(lrog(ui atom and forms II,,() waler. 
'I'he details of this process also vary considerably. 'I'he sulpluirie acid may 
be used ill a dilute, strong, or fuming condition. The temperature is of tlie 
highest imjKU'tanee to the vajiidity of tjie aetion aiul the ))Osilioii of the 
sulpho group in the newly-formed compound. Hy repealed suljdionalion 
several atoms of hydrogen can be replaced by the sulplm group. 

riu‘ sulpl)o acid can be converted into the hydroxyl compound by 
treatment witli eauslie soda, this reaction being employed to introduce a 
hydroxyl group into an organic conqxunid. 'I'he eheinical process can be 
explained by the fi)llowiiig ecpiations : 

- II ^ U.SO^ 11S(X, + ||„() 

lU'iiZfiii; Siiliiliiiriv afi<l I'.viizcih' siiliihoiiiv arid W'ali.T. 

(;U,-HS ()3 + 'JNaOII - (.yi-OII + + 11,0. 

INicnol lias an acid eharaeter. \^’lu'n dissolved in caustic soda or potash 
it gives sodium or potassium plienylate, ONa. Lead plienylale and 

otlier compounds are obtained in the same way. When plienol is treated 
with zinc dust at a high temperature benzene is formed again by reduction 

C,n. - on + Zn - (;il^ + ZiiO. 

I'hc reduction of nitro derivatives furnislies avtido coiiipvundx by tlie 
aetion of na.seent hydrogen. 'J'lio NO., gntup is decomposed, tlie oxygen 
combining with hydrogen to form water, and the place of the oxygen is 
taken by two atoms of hydrogen, whicli combine with tlie nitrogen to foini 
the umido group Ml.,; eg.: 

+ (ill CJI.-NH, + ^>11/). 3? 

Nilrolieiiziau! Amidobeiizoiie (= uiiilinH) 

I'he chief reducing agents used are'very finely divided iron (iron 
filings), zinc or tin, and hydroclilovie or acetic acid. Hydrogen is liberated, 
through the foiinalioii of a metallic salt, and acts a.s a reciueiiig agent. 
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The resulting derivatives vary according as the reduction Inis Ireen effected 
in an acid, neutral, or alkaline solution. Klcctrolytic inetlnids of reducing 
the nitro derivatives toiimido derivatives have also been successfully used. 

Direct auiidalioii is effected by treating the liydroxylisi^d cond>ination 
with aniinonia. 'I’liis process is not alwavs an easy one, and therefore it is 
sometimes necessary l<» more complicated ammonium eompomids—for 
instance, ainmonium sulphite. Other operations still juvictieally applied to 
obtain derivatives of the tar iH’oduets and other derivatives from these 
include: 

Fitxiiiji with eauslie s»ida or polash, or with a mixture of these, as 
already meiiUoned. 

Jhilin^ hUIi intlrr, whereby amido derivatives are converted into hydroxyl 
compounds, the Nil., gmup in-iiig replaced by OM. Animouiais eliminated 
by boiling at ordinary or higli pressures, also hy the aid (»f acids (especially 
by sulphurous acid) or alkalies, or by dia/.olisati<in. 

C'ldovine, bromine, and iodine can be inlrodiiced into the derivatives, 
cither to remain or be replaced in turn by other groups. 

0.ri<ltili<m is etfected by means of pernianganat<'s, persulphates, and the 
electric current, as well as liy mangane.se dioxide and potassium hiehroinate, 
and finally by eldorine. 

I'luse brief observations on the mannfaeture anti treatment of inier- 
mediale produefs obtained from tlie pnrir chemical sid)stanees isolated fVtun 
coal lar will be suHicienl here, 'flic m(»st imtMH'lant (»f these inter¬ 
mediate prtKluets are therefore nitro derivatives, sulplio acids, amines, 
phenols, and other benzene and naphthalene derivatives. Some of these 
products exist as such in the far, but most of them liave to be obtained by 
clieinieal processes from simpler eondiiiialions. 


c. The Colouring Matters 

Chemical Constitution, and its Belation to Tinctorial Tower; 
Classification 

The tar colouririg matters ijre sold in the state of powder or crystals, 
rarely as a w;ilery paste. In this latter ease they are not soluble in water, 
Ihougli as a rule they are readily soluble in hot water. The shade of 
the powders or tiie crystals often differs considerably from timt of tlieir 
solution, 

'I'he causes of the colour and dyeing j)ro])erties of these compounds have 
long formed the subject of investigation. Attention was naturally fir«t 
devoted to the (juestion of cheiuieal constitution, but althougl) ilic theories 
advanced in this connection throw a good deal of light on the eheniical side 
of the problem, their j)hysical properties— ie., the relations hetween the 
colour of an organic derivative and its constitution—have* not yet been 
clearly explained. The existence of such relution.s is, however, beyond 
doubt. 

All the colouring matters belong to the so called aromatic series of organic 
subsbinces, and in all cases their constitution can be correlated with the 
typical member of this scries, benzene, According to the generally 

accepted theory, benzene, the telravaleiit carbon of which is combined with 
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tile monovalent hydrogen, is constituted in the form of a closed cliain, the 
last member of wliieh is attaeiied to tlie first one, so that a ring is formed. 
In accordajiee with Kchiih'-’s theory, this ring is termed tlic benzene ring, 
or benzene nucleus, and regarded as of the following constitution: 

W 

/\ 

lie C-^II 

il I 

lie (■- II 

\ 


II 

l'.aelj atom of earlam is bound lo one at<nn of liydrogeii, and <Ioul)le bonds 
exist between some of the carbon atoms. Hy means of chemical read ions 
the single atoms ()f hydrogen can be l•c|)laced by oilier atoms or groups of 
atoms; the double bonds eati lie converted into single ones and some other 
monovalent atom eombined on to each atom of carbon. Furthm” sub¬ 
stitutions can be efi’eeted in the aloniie groiijis wiiicli have been subslituted 
for the hydrogen atoms, and so on, Subslitiilion of tile original liydrogen 
atom.s can lie effected in one, several, or all these' alonis, and several benzene 
rings can be liidced together—in short, tliere is no limit to the number of 
derivatives from benzene. 

Most of these organic bodies are colourless, but many of the derivatives 
difi'ering little, if at all, from them in jiereentagi^ composition exhibit a 
bright and peculiar coloration. Since the eliemical enmposition docs not 
seem to be the cause of the colour, the reason must be sought in the 
manner in wliieh atoms are grouped in tlic conipoimds— 1<\, their structure 
or constitution. 

Some colouring matters havi- heen (irepared .synthetically, and for tliis 
reason it has been possible to invcstigvite tlic- (jueslion of coloration. It lias 
also been proved that certain grimjis of chcmic.-il compounds possess the 
ebaraeteristic jiropcrty of <'olour, and, morcovci', that Ibese combinations 
contain certain distinct groups of elements, the presence of whieii i-s 
inseparably connected with the apjiearance of colour. 

The study of these groups <if elements lias shown tliem to be unsaturated 
compounds, possessing in common the property of combining with hydrogen, 
and thereby losing their colouring power. This is proved by the fact that 
all colouring matters, and especially all coloured carhon eompotinds, are 
decolorised by nascent hydrogen. These derivatives, formeil from colouring 
matters by entrance of hydrogen, are called Iciici} botiicx. 'I'hey mostly 
contain two atoms of hydrogen more than the original colouring matter, 
and are reconverted into tlie latter hy oxidation. 

(). N. i^itt in J87b collected the results obtained l)y himself and others, 
and advanced a theory on tlie nature of the colouring matters, wliieh may 
be briefly stated as follows; 

The nature of a colouring matter depends on certain definite atomic 
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^oups, whicli jjive the c»>lonrin^ power, aiul arc Uicrelure called i hvomophores. 
Such groups are, for iiistaiuH*. the a/,o giamp, - N — N —; the earhoxvl group, 
-CO-; the azine group, - ; and also llie gnmps ( 

, 

Wlien such a chroinophorc is introduced int() an aronialic coiu]>ouimI a 
coloured body is produced, which is called a <//rowogca : for instance, 
C,>L-N = N-t',dl. '1‘his liody is not yet a colouring matter, hut 
(iccpiircs that property it an acid or alkaline cliara<‘ler is inipai'l(.'d hy a^ 
further introducti^m df aloinie groii]is—vi/.., wlien it hecomes cajjahle of 
forming salts, ’I'lic ehief of these gnaips arc the liydroxyl gnrnp, OH, the 
amido grouj). Nil.,, and others. flKv are called (nuotlinme groups. 

The formation of a colouring matter therefore re(pnres the prcs<*nee ol 
an nnsaturaUd aromatic tlerivalivc an aromalie radicle, as it is ealhal - 
which combines with a ehromojiliori* group to produec a ehr<imogen. One 
or more aiixoeln'ouK’ groups must enter into this eomhinalion, the prest-iiec 
of a carboxyl or sulplio grouj) l)cing ol sj)eeial imj)ortanec. 

'I'he systematic elassifieatioii of the coal-tar colours and liie organic 
colouring malltTs generally is attended with great dillieidtics, tliongii these 
arc being eoiislantiy lessened hy advances made in onr knowledge ot the 
chemical nature of these colouring-matters, so that those ol nnkm>wn con¬ 
stitution form a continually diminishing <'lass. We ha\'c alieatly gone hrielly 
into the elassifnvition of colouring matters according to their tinctorial 
properties, and will now deal eoneisely with that based on their chemical 
constitution, taking as a basis the contained cliromophores ami chromogciis, 
and not the original hydrocarbons, from wliicli the eolonriiig matler.s have 
been derived. 

1. Nitro Derivatives 

Tliesc contain one or more nitro groups, and have tlic special jn'operty of 
detonating on ignition. 

Their imnd>cr is very large, and they arc all acid colouring matters. 
'I’ypical representatives of the group arc, first ot all, /ri/tHnipliciiol--- pirric 
acul, formed liy treating phenol and other organii* bodies- 

c.g., indigo, aloe- with nitric acid. In tlic pure stalt' j>icri<* acid forms jiale 
yellow plates, readily solidile in alcohol, ether, and heiizenc, sparingly so in 
water. It dyes wotd and silk a yellow shade, which, however, is not very 
fast. Picric acid is also used as an explosive (melinite, lyddite). Maiimx 
pclhtr, the sodium salt of dirntrouaphlhol, VJ I ()Na{N<X,),, fotins pale needles, 
and is usually sold as a sodiuin salt, more rarely as a <‘alcium eompoiind. It 
dyes wool and silk a golilcn yellow tint, and also serves for colouring spirit 
varnishes ami food stuffs (vermicelli), though not properly adaiiled to lliis 
purjwse, owing to its poisonous properties. Sapfiihol Jp-l/ow S is the 
puUssium salt of dinitronajihtliol sulphonie acid, and gives very fast yellow 

shades. • . i 

When phenols are treated with nitrous acid minmphchol.s are obtained, 
which also yield colouring matters lliat form very fast lakes (solid green, 
naphthol green, iNe.). 
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2, Azo Colouring Matters 

lliescform a very large class, quite different from the other groups of 
colouring matters, and contain as a characteristic component the chromo- 
j)horoiis azo group - N = N —. This group may he present singly (monoazo 
derivatives) or in multiples (poIyaz(t derivatives), and always links two 
benzene grouj)s or other aromatic hydrocarbons together. Azo colours are 
easily obtained from pjienols (azoxy colours) or amines (amidoazo colours) 
by the action of chlorides of diazcMlerivatives. They are soluble in water 
only when they contain a .sulpho or carboxyl group, 'i'he shades obtained 
with these colouring matters are as divergent as tlieir number. The more 
simple derivatives are yellow, a further introduction of gr()ups into the mole¬ 
cule giving reds, blues, browns, and bhurks ; greens, however, are very seldom 
obtained. In the same way they are used for very divergent purposes, and 
will dye both animal and vegetable lil)res, leather, wood, paj)er, straw, &c. 
I'l-om the chemical standpoint they are clnssiiied into: (xisic azo colours 
(aniline yellow, chrysoidin, vesuvine, Bismarck brown, the Hbchst Janii.s 
colours, Ikc.) ; tuojio-arid azo colours (fast yellow, orange, tropeoline, metanil 
yellow, citronine, Indian yellow, methyl orange, azoflavine, iS:c.). I'o this class 
also belong the scailet, fast red, Bordeaux red, azo magenta, I've., obtained in 
other ways. Aiijecficc azo colours consx^i non suljdionated compounds in¬ 
soluble in water, and theretore Juivingtobe developed on the muteriulsto be 
coloured. One of the most important members of this class is nitraniline red, 
which is sold not as a finished colouring matter, hut in the Anmi of its two 
components, nitraniline and heta-naphtlKtl. For use, the nitraniline is first 
treated (‘‘diazotised ”) with .sodium nitrite to azophor red, and afterwards 
coupled -a proce.s.s that will he explained later on. Nitrosamine red must 
also be mentioned. The ycllotv adjcclive azo colours include anthracene yellow, 
aliz^irine yellow, flavazol,and diamond yellow. Telrazo colours (diazo colours) 
arc acid colouring matters giving red to black shades-—Biebrieh scarlet, 
crocein scarlet, cotton scarlet, naphthol black, brilliant black, naphthylaniine 
black, jet black, sulphon black, and wool black. 


;i. Hydrazone and Pyrazolone Colouring Matters 

These are very similar to the azo colours, but the sole important repre¬ 
sentative is turtrazine. 


4- Azomethine and Stilbene Colouring Matters 

are of oidy theoretical interest. 

/>. Oziquinonea and Quinoneozymes 

This class is of the highest importance, the colours producing, with metal 
oxides, bright-shaded, very suitable lakes. Alizarine, the occurrence of which 
in the madder root has already been mentionetl, is an important represen¬ 
tative of this class. There are various methods for preparing alizarine 
synthetically, hut the one mo.st used in practice i.s by melting anthraquinone 
sulphoiiic acid together with caustic |wtash. Alizarine is sold as a paste 
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»ntaining 20 per cent, of dry mutter, and, as already mentioned, has 
i1mo.st entirely displaced the product formerly obtained from madder root. 
Alizarine <lycs are very fast to soap, bleaehinf! powder, liglit, and air. The 
(hades are principally red, but blues, greens, and browns arc also known. 
The alizarine derivatives include imrpurine, flavopurpnrine, and alizarine 
Bordeaux. Naplithol green is also an important colouring matter. 


6. Diphenyl and Triphenyl Methane Colouring Matters 

Tiiese colours arc likewise very important, an<l have played a great part 
in the development of the coal-tar colour industry. Hepresenlalive colours 
of this class are aurainine, malachite green, acid green S, patent blue, and 
methyl violet, the chief, however, being the salt of the rosanilinc base, 
iiichsiu or magenta, the coal tar colouring matter which gave the most 
imjxH'tant impulse to the establishment oi the eo.al-tar colour industry. 
Aniline blue, aldehyde green, malachite green, acid green S, aurine, rosolic 
acid, phenoipbthalein, fluorescein, cosine, rhodamine, galleinc,and creruleine 
are the best-known types of this class. 


7. Quinonimide Colouring Matters 

Toluylene blue, methylene bine, methylene green, naplithol blue, safra- 
nine, mauvein (or Perkin’s violet), the first tar colouring matter made, 
induline. 

8. Quinoline and Acridine Colouring Matters 

Cyanine, (luinoline yellow, (piinoline red, flaveosinc. 

!). Thiazol Colouring Matters 

Thioflavine. 

10. Oxyketones, Xanthones, Havones, Cumarines, Indones 

Many of the vegetable colouring matters already mentioned belong to 
this class; for instance, maclurin, euxanthone, fisetin, (juercitin, Inteolin, 
morin, rhamnetin, hannatcin, brasilin, carminic acid. 


II. Aniline Black 

This colouring matter occupies a special position, being always produced 
direct on the material to be dyed, and is made by dyers themselves. It 
is obtained when aniline is oxidised with potassium or sodium chlorate in 
presence of copper, or vanadium salts under certain conditions, or by the 
aid of potassium bichromate or potassium ferricyanide. Aniline black is of 
the greatest importance, on account of the great fastness of its dyes. 

12 . Indigo 

has already been fully dealt with. The manufacture of synthetic indigo 
iwmprises the following stages: Naphthalene is oxidised with sulphuric acid 
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ami mercury to phtlialic anhydride, this latter heiii" then treated with 
ammonia, wherchy phthalijuide is tonuod. This derivative is converted into 
aiithranilie acid hy the aid of potassium hypochlorite. Anthranilie acid 
and inoiiochloracelic acid form plienylfflycocoll'orthocarbamic acid, which 
yiehls iiidoxyl, and this latter is converted into indigo by oxidation with 
alkalis. 'Mjc number of mel.ho<ls has recently been increased, so that nearly 
every colour manufacturer is now makin*; incli^'o by his own special process. 


'I'lie chemical constitution and other properties of the forej^oin;!? colourinj^ 
matters are well known. They can therefore be systematised, which is not 
the case with those ^»iven below. 

hirst comes llie important class of the xi/ljlnr co/o/zn-,already mentioned.* 
Next are the following: 

Cannrim' is obtained by iictinj; with potassium chlorate and hydrochloric 
acid on potassium thiocyanate, and is a snlfine colour, probably of the 
fornmlji (',N.,SJI. It is .i yellow jn)w(ler, soluble in alkalies .ind alkali 
carbonates. It dyes (•(►Iton a lii^ht to dark yellow shade direct without 
mordantin';, and is very |)ermancnt, except in tastness to Iij;hl, which is only 
moderate. It is of only small iju)>orlance, like* muvc.ndc, the acid ammonium 
salt of purjHiric acid, which is iinknowji in the free stale. It is olitaincd hy 
boiling down uric acid with nitric acid, and Irealiu”' the residue (a mixture 
of alloxan and alloxantin) with ammonia. Murexide forms prisms with a 
^rcen ihiorescence, winch are red hy iransmilled lij;ht. It dissolves in water 
to a bright purple-red solution, which turns violet on the addilizm of an 
alkali and is decolorised l)y .acids, Murexide (formiil.t, C'JI,N.(\N1I,) is one 
of the oldest know’n arliticial eoloiiriji*; matters, its formation liavin*; been 
(jbserved by .V<7 /a 7(' in the eighteenth century. In IS.'i.'! /tz/ao/cz/produced 
murexide on a considerable scale from ^;u;ino, and up to the middle of the 
last eenlurv, or <‘ven l.atc'r, it w.is largely used for dyeini*’ and printing; 
cottojis. Archil and Ubuu.s may also be mentioned. 


Whereas llie forc^jjoiiii; classitic.-dion of the co.il tar colouring matters is 
Imscd oj> theoretical consideralions, they may also Ize classified with regard 
to their dyeini; properties in the following manner: 
a. Il.asie colourin'; matters. 
h. Acid colouring; matters, 
e. Adjective (mor<lants) colouring matters. 

d. Development eolouiing niatter.s, ineluding indigo, certain azo colours, 
the sultino colouring jnatters, 

Owing to tiu* exceedingly important position occupied by organic colour¬ 
ing matters in consequence of the immense growth of tl\e coal-tar colour 
industry, it seemed advisa!)le to sketch briefly the systematic classification 
of the material, even though a full discussion of the chemistry and constitu¬ 
tion of the.se colours, on which such elassification is based, 1ms to be excluded 
as beyond the scope of tlie present work. 

* I'y siilistitntiiiff sulphur for tlio nitroircn of tlio nrlificial indigo, tlie two most ini- 
porlant ivpivs(‘ii(i«Hv<-s of this ihidiiuligo rod and tliioiudigo scarlet (.sec p. 467) 
were foiiiid in ItKif, so that now all slmde.s arc known. [Tkanslatok.] 
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The object 'of the forcffoin^ introductory theoretical section was to 
inform the reader generally as to the lbrinati<ni, and ))ro|>crties of 

the material whieli has be worked, and to evpiain the iieoessity for the 
different methods of precipitating the various lakes. Certain technical and 
scientific terms current in practice had alsct t») he explained to readers of no 
scientific knowledjxo. 

Those who desire to pursue this branch of the subjeel further are referred 
to the followin'; works : * 

Die Chemiv. der iialurlifin'u Fftihx/ofl'c^ hy Dr. Hans Unpc (braunsebweig, 
Viewe<>' u. Sohn). 

Die C/icihii' (It'S Slctnl,o}ih'itl<'vr.s, by IVof. Dr. diislav Seliiil/ (Braunscbwei<;, 
Viewer; u. Sdhn). 

Cln’mii’ (li-r (trL:(>u'si/u'ii Fdi-lixlolf'c, by Bred’. Dr. Hud. Niet/.ki (Berlin, 
Sprin«;er). 

I)ii‘ .■iiiiliiiforlirii mid i/nr .f 'ldnihnlioti, by Dr. K. lleuinaini, I'ontiiiued l)y 
Dr. Bald I'riedlander (Vii'Wei; u. Sohn). 

In eon'^tapienee of th»' melhoil of niaiuil'aelure, Ihe resulting eoal-lar 
colours donol always possess r\actl\ the sanu' eolrmrinj; power and intensity, 
but in onlcr to lorn nut uniform commercial jirnducts llu^ nianufa<-lnrers 
standanlise lliem to a iiiven lyp(.* by the adelitimi of other subslaiiees. 
'I'he amount of these additions is elelermined by a trial ilyeinj;, and the 
eolom inji matlt i is sland irdised accordingly, so that every batch of a f;iven 
brand will j*ive exactly the same results in practical dyeing; when used under 
standard eondilions. 

'I’he substai '-es used must necessarily be such as do not alfeet either the 
appearance or action of the colouring* matters in any way, but remain per- 
fectlv iimrt in all the operations ])raetised. ’i’bey comprise the following: 
dextrin, tannin, and, espeidally. (daulier salt ami common salt. 

The commercial brands do not always rcjucsent a sinj;le colouring; matter 
mixed toirethcr with the stamlardisiiiji; adjuncts, but arc in many cases 
definite mixtures of two or mor<‘ coltuirinj; matters, possessing (of course) 
nearly the same chemical <’haraeler. rhis is especially the ease when 
bramls are produccal to match a buyer’s sam]>l<‘, or where it is desired to 
improve a fast and suitable, but rather dull, colourinj; matter with a brighter 
one. 

Since these colour mixtures cannot, as a rule, be delected by the eye, 
they are tested l)v blowing some of the line dust on to .a wet filler pape?’, 
\vher<-upon (he dilferent grains in the mixture stain the wet filler paper 
accordingly in diHerent shades, whilst a single colour produces merely a 
uniform stain. 


Having now dealt with the raw materials and the manufacture of the 
fundamental products used in making lake pigments, we will pass to the 
actual preparation of the lakes. It has already been mentioned that a lake 
pigment consists of a carrier (the base), the colouring matter, ami a ])reci- 
pitating agent, if this latter is really going into the lake, ami docs not only 

* Hy KiiL'lish vriidvrs the well-known slaiiiku'd work Thf fJijnii'j and Jllfachiiuj of 
Texf'dffi, by I’rof. JIuiimiel (('rt^sell), may t>e cnnsiiltcl for eoal-tar colours and their 
principal applications. |Tuanklatoil] 
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ftct as a help—without !)eing a true part of the lake, Tlie sd^ction ofa ^ 
suitable carrier (base) being of great importance, this matter will be treated, 
under a special heading. 

Carriers for Lake Figments 

In view of the diveisified application of lake colours, the choice of the 
suitable bodies to form the base (or carrier) of the lake is often more impor¬ 
tant than that of the colouring matter—considered merely as a colouring 
principle—since one and the same lake will not always be equally suitable 
for two or more purposes, (leuerally a different conqjosition of the lake is 
required in each case, tlie difference consisting in the use of a carrier suitalde 
for the purpose in view, the colouring matter and method of precipitation, . 
however, remaining the same. Hence, from one and the same colouring 
matter it is possible to get various lakes suitable for entirely different purposes, 
according to the choice of tlie carrier. 

'rhough the properties of a practically suital)le lake pigment have 
already been explained, the siibject may be reopened, to facilitate com¬ 
prehension of the substances dealt with under the subsccpicnt lieadings, the 
more so because these lakes, winch are now often used in tlie ])lace of certain 
mineral colours, are sometimes of highly complex composition, each single 
component fulfilling a definite purpose. 

Lakex made up with varnish, size, and oil or spirit VRruhh for piniithig on 
wood, metal, or plaster (of whicli there are now a very considerable number), 
must possess all the properties of the mineral colours, formerly used exclu¬ 
sively—viz., covering power, easy working, fastness to weather, lime, acids, 
and light. This, of course, is only possible wlieu each of the bodies chosen 
for the manufacture (d' such a pigment possesses <me or more of the above 
properties, so that tlic totality of tiiese properties in the resulting lake will 
then be sufficient for all re(|uiremeiits. In general the carrier must possess 
good covering j)Ower, be easy to distribute, and able to resist outside influ¬ 
ences, alkalies, acids, &c., wliilst the colouring principle — the coal tar colour 
—must be fast to light, weather, alcohol, acids, and alkalies, according to 
the intended purpose of the lake. 

Since only a few mineral colours, except the black pigments, possess all 
these properties at once, and therefore the more sensitive cannot be expected 
to exhibit them to the .same degree, the chief aim, therefore, in making these 
lakes is to ensure their possessing one or more of these desirable properties; 
and, as a matter of fact, a considerable number of lakes j)crfectly fast to light 
are known, whilst others are fast to alkalies, and still others can be worked 
with spirit or oil varnishes just as well as the mineral colours, whether they 
arc used for artist’s colours, fine printing, or as ordinary paints. As already 
mentioned, the nature of the carrier is usually of decisive influence. 

The bodies mostly used as carriers are: Aluunna, arliftclal Ixtiytes, lead 
stilpinile, zinc trhilv, lithopoiie, finely powdered barytes, gypsum, irhiling, china 
clay, starch, precipitated chalk, barium carbonate, niagnesiiiw carbonate, calcium 
phosj}hate, the native clays, ochre, umber, green earth, red lead, —in fact/ 
all those insoluble bodies wliicb can be easily reduced to a finely divided 
state, and the natural colour of which does not injure the desired shade of • 
the lake. 
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For lakes of ^tuxl covcrinif power to be used lor onlinmy iminiing (with 
varnish; oil or spirit varnish) the carriers must, of course, liavc suitable pro¬ 
perties for this piirpusc; like lead sulphate, zinc while, lithopone, barytes, 
red lead, lor spirit varnish colours artificial barytes will also do. 

For irall pupvi lii/,rx, which are jitMierally napiircd cheap, use is nmile 
chiefly of ahnnina, aiiificial han/U-.s, htin/li x, itltiliiig, c((tii, x/uiv/i, »c/oc, umlwr, 
and ordinary n/ii/c and cofoiuril f/d-i/x, more sdiloin gnni futih. 

I>?ikes Used by makc i's o\ fmicii paju-rx must be very llnely divided, td ^ood 
covering power, and furnish a uuiimui eoalin^' when applied, lienee for this 
purjiose (iluiiil.iui, arl 'ij'u nt! hiiri/lfx^cliiuin lin/, pi rnpilnlt’d cliull', hariiiui { Hrlnmutc 
and mngni'xiuni airhunalv, cAn/. <n fm-, iiiiihfr, ami less often ii'liiliiig, arc used. 

J>;ikes for pri/iliiig iiihs and urtis/'x co/o///.v, the linest and most valtiuble 
of all, contain, wlu n mad<- as transparent pi,e;iuenls, (i/iitniini, either alone or 
mixed with ar/ijit iu/ fmn/h-x, whilst if desired to be more ur less opacpie 
j)ij?menls they ^^ill als<» contain Irail xulpimtc, '/;a‘ or hihupom’^ and in 
some eases irtl (cud. 

Lime ciddurx contain «.nlv :^rrru nnih. ir/ii(i’ or adimml m/ar, hunjtcs, 
orgtipxioit as a carrier, the two latter, h»»wcvcr, bcinji; always mixta! with 
one or more of the oliiers, the latter llnrehac Ibrmin^ llic principal part of 
the currier. 

Alumina {.llnminnim Iliidnt.vidc, A1„(()1I),,) 

Alumininm hydroxide is the mosl important carrier, and is nearly always 
present in the best lakes. It is used as sncli, or protluced at the same time 
as the eoiourini; matter is preeipitaled. In a nc.irly pure stale, or at the 
ino.st mixed with a little artilicial barytes which is ^fiierally preeipitaled 
at the same time it serves .as carrier l»»r most printing iidts, and tlien Itmius 
the judncipal part of the base. 

On the <*ther liand, ,i;'oo<l lakes for wall and fancy papers coidain more 
artificial barvtcs than alumina, and Iherelore both bodies are preiripitated at 
tlie same timeastlje etdouriii” matter. An addili<moi artificial barytes must 
generally be given, or else the (piaidity of sodium sulphate formed wlmn 
alumina is produce<l must be increased l>y a certain adililion of eryslallised 
or calcined (dauber sail. 

The nature of, and suitable method of jiroducing, the alumina used in 
'ake-making arc therefore of the greatest importance; and alLliough goml 
jommereial alumina is {piite suilabU', its preparation in the works is often a 
■natter of necessity, the forim;!* article being seldom in such a fine state of 
division as that obtained by direct preeijnlation. Moreover, in many cases 
:he whole operation is based on the simultaneous prcci]>itKtion of the 
:olouring matter and alumina with or without artificial barytes (or other 
jodie-s). 

Aiuininium hydroxide, generally called “alumina,” is always 

produced when soluble aluminium salts arc treated with caustic alkalies or 
alkali carbonates, the product, h(»wever, varying aeeordijig to the salts 
used. Alumina produced by the aid of caustic alkali • caustic soda or 
potash is always a slimy or gelatinous mass, whether prepared hy the 
cold or hy Urn ln»l melluKl. When dry it is very hard and horny, it 
dissolves in an excess of the precipitating agent, and is therefore of no use 
for lakc-iiiukiiig. 
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For many |>iir|M)ses (referred to later on) a solution of alumina in 
caustic sod.'i, the so-called nodiinn alumnah', is use<l, and is sold in the solid 
form. 

Alumina )>icci|>itatcd by alkali carbonalcs, however, has (juilc dill'erent 
])roj)ci tics; it is insoluble in excess of tiic |neci|)itanl, and is less mucinous, 
even from dilute cold solutions, than that made iVum caustic alkalies. When 
pnxluccd at a hi;;h temperature, and from no( loo concentrated solutions, it 
is opaque, purt; white, ainl in the dried slate is soft .tnd powdery. 

J’he raw materials for manuiacturin^ ahimin.i arc aiumirjimn sulphat{‘, 
alum, and calcined oi’ crystallised soda. 1 he chemical chan<>cs occuriin^ in 
the reaction are brie/ly as follows; i lie sidpliiiric aeid ol' the aluminium salt 
combines with the sodium 4if the carbonate, and insoluhle alumina is preci¬ 
pitated on addition of water, whilst carbonic acirl eseajK s with etrerveseence '■ 
atid (tiauber salt remains in si>luli(>n. Tin* formation of tbc alumina pro¬ 
ceeds };vadually and by st.aj^es, basic aliiminimn sulphate bein^* lirst formed, 
and then pn»^ressively de))rivetl id’ its sulphuric acid I)V the further addition 
of sodium carbonate, until when Imiled with an excess of the latter the loss 
of aeid is complete. The different pliases may be represented by the 
following' equations: 

+ N.-qTO, -f I IT) - Af,(SO,).(()! I), -I Na>0^ -h CO, 
AI/S(),),(OlI)^, Na,C<T + 11,0 - Af,SO.(On), h- Na.SO, h- CO, 
AI,.SO,(OiI), 4- NaT'O^ 1- 11,0 Al,(01i), -f- Na,S(), -|- CO, 

Practically tin* precipitation is effected at or very near (be l.ioiiin^-poiid. 
A boiling solution of alum or .-duminiiim sulpliale is treated with a hot 
solution oi sod.i in a \erv large lank, with eonstanl stirring, until no further 
eseajjc of carbonic aeid can l)e observed on continued boiling and addition 
(»f soda solution. 'I’he liquor in the tank will then have a slightly .'dkaline 
re lelion. 

'flic prexiuet must l)e waslied to recover the j)erfectlv pure/ihimina, hut as 
the sodium sulphate is very obstinately relained l)y the alumina precipitate, 
unless very large tanks can be used, a fre<|uent change of w.-itcr is necessary, 
until barium chloride produces no precipitate, or ojdy a slight whitish mist, 
with the washings, boiling and rapid stirring will greatly accelerate the 
troublesonm washing j)roeess, es])eeially when hot or boiling water is used. 

'I'he temperature and concentration of tlic solutions greatly influence 
the nature of the resulting aluminium hydroxide, as does also the presence, 
after the preeipitatiem, of an excess of one of the two .-jpplied s;dts. If very 
hot OY strong solutions be used for the precipitation tlie alumina is thrown 
down in a lumpy or granular st.ate, owing to the too violent liberation of 
carbonic acid, whilst witii very dilute ajul cold solutions it is obtained in a 
gelatinous, transparent state, of little covering power when dried. In this 
state washing is a very difficult process. 'I'lic basic aluminium sidphate first 
formed settles very slowly, and therefore wlien very dilute and cold .saline 
solutions arc used a large quantity of soda nm.st be added before the 
carbonic acid begins to come off and aluminium hydroxide is formed. This 

• K may t>e uiciilioiK-d n.s a cun(j.>iity (liat in n h'adiiig Gernian colour works the 
carhonic acid osoftpiu}? during the munvifacture of a iiigincnt colour (and generally going 
useless into tlio air) is collecled, inirified, and sold. tXiiAKSLATOJi.J 
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IS a very iuiportaiit point in tlic manuiacUire of many lakes from basic 
coal-tar colours. 

Except when the cohturinj; materials are very sensitive to alkalies, an ex¬ 
cess of soda in the precipitating process is usually no disadvantage unless for 
reasons of econoinv. An excess ot aluminium sulphate, h()\vever, causes the 
formation of crystalline double ctimpcMuids ot the hy<lro\ide with the excess 
of sulphate, and renders the preeijiilate granular, rotigli, and unsuitable, 
especially for lakes in paste form. In \iew ot these cifcinnstances, it is 
desirable to adjust the ju'oporlions <d the saline matters so that after the 
precipitation neitlier aluminium sulphal(“ nor soda is present in excess. 

'I'o ol)tain a pure white alumina, free from other combinations, it is of course 
important that pure raw mat< rials.should he iisctl - viz., the best comnicreiul 
(plalitic^: perfectly dry ))owdercd, pure while aluminium sulpliale, with the 
largest possible cotjlcnt <d aliniiinium oxi(U', Al„(), (the maximum heijig 
about 1() per eent.). Poorer brands of sulphate, especially those sold in 
lumps contain only II to l.'> ])er cent, of oxide, owing to tlu* higher 
eontent of moisture. 1 hough the pres<‘nce ot iron in the aluminium 
sulphate is not so prt'Judieial lor most lake pigments as is generally 
believed, only brands wiib a minimum of iron sboulil be usetl. 

Aluminium sulpliale pertectly free from iron is seld<»m <iblainab!e at a 
reasonable price, but that containing per cent, ol iron Is easily pro¬ 
curable, and is suitable even for manufacturing the alizarine and azarine 
lakes, wliicli are very sensitive to iron salts. For making aluniii'aabsolutely 
free from iron, alum is [)retcrable, the eommercial salt being pra(rtieally 
free from iron, though, of course, it is dearer than aluminium sulphate. 
Alum is also more suitable (dr making finer a/o colour lakes for printing jmr- 
poses, for wbieb a higher price can be obtained, the precipitates obtained 
from alum and barium cliloride generally giving softer ami brigliter tints 
and lakes of better covering power and intensity than the corresponding 
aluminium sulphate lakes. 

Ammonia soda is the most suitable commereial salt, tliougli crystal soda 
is used in some <!ases. Of eour.se, the purest kinds must be chosen, and tlie* 
crystals must be (piile free from (llauber salt. 


It is only in very few <‘ases that alumina is used alone as a carrier for lake 
pigments; nun'c tVeipientIv it is ]>recipitat(;d in well-defined (piantilies 
direcllv ujkhi other bodies, like (ii'/ijicifil Ihiii/Ii'-v, lutriffcx, lead xulfilitdVf vhina 
clay, red lead, ike. ’J’hc process is tiie same in all eases, 'riie carrier, 
mixed with water, is passed through a sieve into a preeipitaling tank, the 
hot solution of aluminium sulpliale is run in, and finally the solution ot 
soda is slowly added, with eotilinual stirring, iiy this simple method a most 
intimate mixture of the hydroxide and the other bodies binning the carrier 
is obtained, the dissolved aluminium sulphate penetrating, so to speak, the 
individual particles of these bodies, and tbe.se are covered by the deposited 
alumina the more completely in proportion to the degree ot (lilution 
maintained. If lakes ma<le from bodies so mixeil are to he used in the dry 
slate and alumina is not predominant in tlie mixture, its physical eliaracter 
has usually little influence on that of the dry lake. In such case the 
hydroxide can be precipitated with strong or dilute, cold or hot saline 
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solutions^ unless the shade of the lake is likely to suffer, me carrier macie^ 
from such mixtures is washed in the ordinary way, and, on account of the; 
high specific gravity i»f the materials, is effected more rapidly than with 
alumina alone. 

A great many cai ricrs, however, are not washed before being coloured, 
the (ilauher salt being converted into artificial barytes by an addition of 
barium cliloride, and utilised as a further component of tlie carrier. This 
method is the more practical since it gives belter fixation of the acid coal- 
tar colours, most of which are complelcly precipit.ited by bariun» chloride. 

A special method, suitable for many acid coal-tar colours, consists in 
decomposing aluminium .sulpliatc with milk of lime or levigated chalk. 
Resides aluminium hydroxide, this treatment produces a very light and 
voluminous form of gypsum, which is partly ryconverted into artificial 
Imrytes when tlie colouring matter is afterw.ards ])recipitatod with barium 
chloride. I/akes obtained in this way are said to be specially soft, and often 
specifically lighter than usual. 

For certain lakes lead sulphate is]>repared in the same way, lead acetate 
or nitrate being used as the precipitating agent instead of barium chloride. 
When the coal-tar colour—for instance, cosine, erythrosine, phloxine, rose 
Bengale—ean be precipitated by these salts, it i.s fixed at the same time as 
the lead sulphate, in the same w.ay as mentioned in the case of barytes. In 
some cases, and especially when tliose lead salts arc not employed as lake- 
formers, tl»e lead sulj>}iate is added direct to the alinnina, for the sole 
purpose of iiiereasirig the covering power. 

A more dlllicuU [)r(Ka‘ss, on account of liability to aUcralion, is the pre¬ 
cipitation with ai'senie, phospluiriis, stannic acid, or resin, cojubined with 
the precipibilioii of alinnina, in which the corresponding alinnina s.a]ls are 
formed fii addition to aluminium hydroxide, and act as direct, slightly acid 
Juke-formers. 

./r.vcw/'oM.y Acul, n,As()„ obtained by dissolving arsenic trioxide, As^O, 
(ordinary ars^mic), in water, is too easily decomposed to be suitable for lake- 
. making, and therefore the more stable sodium salt obtained by dissolving 
arsenic in a solution of soda i.s used. The concentration of the soda solution 
and (he duration of boiling ])lay a considerable part. As a rule the solution 
of arsenic gives the better results in proportion to its degree of dilution and 
the longer it is boiled ; hut it is useless to luul longer than one hour, and 
thirty to forty minutes will generally he sufficient. The resulting solution 
of arsenic is, with few exceptions, added .slowly and witli continual stirring 
to a hot solution of aluminium sulphate, eontnining the colouring matter in 
solution, 'i'lie reverse procedure is adopted with certain basic eolouriiig 
matters, the solution of arsenic, cooled to about .50” C., eventually dilutea 
with cold water, being precipitated by the hot .solution of alumina, and the 
solution of the colouring matter added afterwards. In this case the latter 
must be fixed by other precipitating agents, hut the lake is ])articularly soft 
and smooth, settles down (piiekly, and is easily W’ashed. 

In both methoiis, however, certain precautions must he taken. 7‘he 
correct proportion of ansenious acid and soda is very important, an excess of 
arsenic injuriously iidliietuang the physical properties of the lake even a ion^ 
lime after use, besidi's being uneconomical, and under certain circum*. 
stances prevents the absolute fixation of certain of the basic coal-tar colours, 
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The necessary quantity of arsenic dcpemls, therefore, on the capacity of the 
jirsenioiis acid to f<»rin a lake with the eolouriiif' matter in (pieslion, and 
ditfers with each oftlie hasle coloiirin*^ matters. 

Of no less importance in the preeipitalion with arsenie is the alkaline ojr 
acid character of the solutions. If the precipitation isefleeted in a strongly 
add soluticni, the precipitate is mostly very fine, settles down slowly, and 
cannot be easily washed, on account of its gelatinous and sludgy condition^ 
whilst the finished lake very obstinately retains the adhering water, is difficult 
to press, dries badly, and darkens in eolour on drying, thus losing its warmth 
and brilliance of tone. From alkaline solutions the lake eomes down in a 
more voluminous and softer eoiulition, hut the free alkali either destroys 
most of the basic coal-tar colours in a very slnul time or pri'venls suitable 
fixation—sometimes in a very disagreeable manner. In the most favour¬ 
able ease alkaline precipitation is as unrelial>l(; as the acid method, and 
therefore a neutral^or even slightly acid eharacler of the solution is pre¬ 
ferred, being, moreover, not dillieult to obtain liy an accurate calculation of 
the (piantity of the materials and by a careful supervision of the process. 

The chief of the chemical auxiliaries ad<led to the solutions for the pur¬ 
pose of regulating the dceonijxisition—vi;^., to piaKluee and maintain 
neutrality, or even to reduce the acid character is alkaline sodium acetate, 
the effeel of which is jirobahly explicable as follows : The greater affinity of 
the sulphuric acid for the alkali sets up a reaction between the aluminium 
, sulphate and sodium acetate, an excess of aluminium acetate being pro¬ 
duced, which has less influence on the precipitation. 

Precipitations based on a combination of alumina with ahiminhim 
phate as a carrier, in which the latter acts at the sgme time as lake-hn-mer, 
are generally performed by adding a solution of* acid .soiliuin phosjdiato, 
treated witli soda, to a solution of aluminium sulphate, already containing the 
colouring matter. 'I’lie addition of soda to the solution of sodium phosphate 
must he done in certain definite proportions, in order to obtain a perfectly 
neutral precipitation. From an acid solution the precipitate Mould fall down 
in a gelatinous state, whereas M-ilh an excess of alkali a (jiiantitatively com¬ 
plete precipitation is impossible. Here again the eoneentration and tem¬ 
perature of the solutions are of sjiecial importance. If the li<piids are too 
dilute or too cold, the resuUiiig lake 1ias very little covering poM’cr, dries 
exceedingly sloM’ly, on account <»f obstinately retained moisture, and is liable 
to form afterwards a vitreous and poorly coloured mass. Precipitated from 
over-concentrated solutions, the drie<l lake is softer, hot the preeij)itation of 
the colouring matter is irregular, and the dry lake streaky ami spotty on the 
surface of fracture. Hence the precijiitution is preferably effected with 
10 per cent, solutions and at boiling heat, the liquors being stirred 
continually. 

Alnmina-lin coiiqx)un<h arc now seldom used as carriers f )r lakes, staunoua 
chloritle—^nin salt”—and stannic chloride being the oidy salts employed, 
though stannic acid and metastannie acid are sometimes taken into con-, 
sideration. As a rule lakes obtained by precipitation Mith tin compounds 
are very liable to variation, and tlie results of one and the same process are 
sel<loni uniform, e.specialiy with regard to intensity and shad(-. 'J'his uncer- ; 
tainty may explain why tin com])ounds arc now shunned as precipitating 
agents. On account of its powerful reducing action, stannous chloride i» 
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rarely used as a direct precijjitating af^ent, the lakes obtained behig rarely 
bright and full, but mx‘ding correction with otiicr agents, such as tannin. 
As a raw material for ^tannat<•s, it gives better results, Ijowevcr, especially 
with certain gr<‘en and blue basic cctal-tar colours. 

I'hc cfl'cct i»l’ stannic chloride, howevtu', is based on its decomposition, in 
an alkaline solution, to tin hvalroxidc, which, at the moment of preeijutation, 
throws down the dissolved colouring mattiT as a tin lake, if the solution is 
not too strongly alkalitic in character to produce a lake. Jhesc precipita¬ 
tions arc of no practical value, and arc now only used with certain vegetable 
colouring matters, especially Persian berries. 

'I'in coml)iinitions are generally introduced into the alumina carriers l)y 
mixing the salt withahnninium sulpliate or soda, according to the nature •)f 
the colouring matter in (jiicstion, the corrt'spoiidiiig almninium-lin compound 
being formed and precipitated at ibe same time as the alumina. 

In etu'tain cases iiitro-, azo-, acid-, and tarsorciiu* colouring matters should 
be precipitated in presence alumina by lead hydroxide, zinc, or tlie alkaline 
earth metals. In this process the solution of cohmring matter is mixed with 
alumina, and the metal or hydnjxiilc of l!>e alkalim; eaiih metal is added in 
a freshly prei-ipitated, waslied staU*, mixed with ^^aler. Many lakes obtained 
by this process arc specially fast to waU:r and alcohol. 


Barytes and Artificial Barytes 

TInmgh arli/laiil hitn/ffs Is nearly as largely used as alumina for lake-manu¬ 
facturing, pigmeiil colours rarely contain aiiilicial l>arytcs alone as a carrier— 
in fact, oidy lhos4' prepared by tlu* simultaiuoiis pre cipitation ol the colouring 
matter wjUi barium chloride and (dauber salt, wliereby the (juarility and 
tlu^ nature of tlu‘ precipilaUd colouring matter impai't pr(>j)i rtit‘s to the lake 
that faeililale the linishing id’ the product, viz., iiltering, grinding, silling, 
^e., and especially improve it for certain uses. 

The method of prcci|)itating eolouring mat!<‘rs directly on freshly pre¬ 
cipitated <>r levigated eonnnereial artificial barytes is now siddoin practised, 
the lakes obtained in this way being of no great value, since they are diffi¬ 
cult to work, very heavv, and dry very (juiekly and hard. On account of their 
great covering power, th<“V mostly form sliiny coatings when used as dis¬ 
temper colours, and cxhiliil mimerons delects when used in wall-paper 
printing or for printing inks. All these disadvantages art' considerably 
diminished or entirely removed l)v adding a specifically lighter body of lower 
covering power to the artificial barytes. For fine colours alumina is almost 
exclusively used for this purpose; for medium tpialities starch, china cla}', 
ochre, ike.; and for painter’s colours barytes, zinc white, lithopone, &c. In 
the former case, according to the nature of the colouring matter used, the 
alumina and artificial barytes (cmmnercial brands) are mixed by mechanical 
moans, or are precipitated in common, with or without the colouring matter, 
ns described under the previous Iieading. With many colouring matters both 
methods often give the same result. As regards the other qualities of lakes, 
the respective bodies are incorporated mechanically before or after the pre¬ 
cipitation of llie colouring matter, the materials being mixed witli water and 
run in throiiglj a fine sieve. 

Barites is largely used for making lakes, all such as serve as ordinary 
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painter’s colours containing barytes as a carrier, though j^enemlly in admix¬ 
ture with other bodies of i^reater coveritij; power. Painter’s colours being 
used for various purposes, nearly everv existing brand of barytes, from the 
finest to the poorest, pure white, reddish, or grey, is found as an ingnalient 
of such lakes. (lood brands of wall-paper lakes, es[K‘eiallv if sold in paste, 
must not contain any eonsidcn-ahle (juantllv 4)f barytes, beeansc such lakes 
settle down (pnekly and lirndy in the colour duets of tlie printing machine. 
On account of their stitfness and low covering power, the colours are also 
unsuitable tor grounding purp<»ses. A thick uTiiforin coat could he obtained 
by using the paint in a thick eonditioti, but then the viscosity would come 
into greater prominence, and the coating wendd become hard, rough, and 
mostly va-ry dull. lienee lakes containing barytes cannot l)e us<‘d f<»r 
colouring fancy papers. 

The otht'i* materials mentioned under the heading “ Carriers for Lake 
Pigments” are of much less inip(n-tatiee. Their use will tluTcfoia' more 
suitably l>e discussed in the practical pari which deals with the way in 
whieli each is employed. 


Manufacture of Lake Pigments 

'I'he theory of the f<u-uiation of lake pigments has not yet been clearly 
enunciated. Only in a few eases can lake pigments be regarded as 
eheniieal combinations iti the true sense of tlie term, since tln've is no com¬ 
bination of the colouring matter, base, and j>reeipitaling agent in e(piivalent 
proportions that could be ealeulated f(n* in the ease of eidonring matters of 
known composition and constitution. Tin* preeipitjUipg agents, salts or 
acids, are mostly added in excess, so as lo •^htain'^eompfeU' ])reeii>itati,on, 
as wcdl as for shading purposes. In <)ther easA less than the ealeulated 
(jiiantity of the precipitating medium is used, tin; finished Iak(^ then con- 
t^iining, of course, a certain amount of eolonring matter in the free state, 
meehanically fixed by the preci])ilation jjroeess. One nudeeide of magenta, 
for instance, recjuires theoretically one wiole<'ule of tannin, hut about one- 
third of this (juantity issuliieient for etnnplete proeipilation. 

.As ali-ea<ly meiilioned, the lake is obtainetl either by fixing a eolonring 
matter on a carrier without any precipitating agent, and in this ease the 
process nnist he regarded as ehemieal combination or mechanical mix¬ 
ture—J.e., an absorption; or else tlie colouring matter is precipitated from 
its solution on to the earri<M' by the aid of a precipitating agent and fixed. 
In the latter case it combines with the precipitating agent lo form an 
insoluble combination meehanically fixed on the carrier, or forms a double 
compound. In point of brightness, intensity, and fastness to light and air, 
the lakes obtained by precipitation are generally superior to those prepared 
by a sim[)lc t»rocess of coloration. It is therefore questionable whether 
these latter pigment colours really can be regarded as lakes in the proper 
sense of the word. 

It may bo mentioned here that basic and acid colouring matters can 
also e<mii)ine and precipitate one another. This property is sometimes 
used for shading purposes ; but since the resnlting lakes are generally not 
fast, this reaction can only be used with caution. 

The operations and the plant usetl for mannfacturing lakes at the works 



are the same as described in the inanufucliire of. artificial mineral colours, 
but certain hints and rules may be jjiven here, with reference, for instance, ‘ 
to (hmfliing the cohuring maHer. As already mentioned, the colouring 
matters are used dissolved in water, and it is only in a few special cases that 
a pure alcoholic solution is necessary, though larger or smaller (piantities of 
alcohol, acetic acid, nn<l otlicr bodies are someliines added to the water in 
order to ol)tHin eomplele sttliition. 

First of all the cliaraeter of the water used as the solvent is, of course, 
very important. Many coal-tar colouring matters, being very sensitive to salts 
of lime, chalk, magnesium, and iron, must not be dissolved in hard water, and 
in such cases the condensed water from the steam pipes is best when a supply 
of soft water is not available. 'Ihe temjieraturc of the solution should 
generally not exceed ()0° to (' , beeaust; many coal tar colours become 
considerably reduced in brightness or are spoiled entirely at higher tem¬ 
peratures, or when boiled, the lakes also sijflering accordingly. 

Most eot^l-tar colours are readily soluble iu water, and therefore the 
prescribed quantity of hot water is simply poured over them, or they are 
place<l in the water in small porliotis, with continued stirring, until com¬ 
pletely diss(jlved. Should the colouring matter dissoKa^ with dilfieulty in 
water, it is generally mixed to a thin paste with water, or by an addition i f 
alcohol or acetic acid, the necessary (piantity of water being then .slowly 
stirred in. Wooden, copper, enamelled or galvani.seil iron tanks are 
used, provideil the malcrial of the tank has uo action on the colouring 
matter, or does not alleet its shade in any wav. riu* coal-tar cobrnrs being 
sold by the aniline* eoloiir makers in a porfeclly pure state, it is rarely 
necessary to filter their soliitiojis. 


Passing now to Uh; jwactical ))art of lakc-mamifaelnre, it Is necessary to 
proceed systematically, so as to facilitate inHlerstanding llie suitable treat¬ 
ment of the eoinpb'X ninUu-ial. For this purpose tiie most suitable 
clu.ssification of the varimis eoal-lar colouring matters is that based on 
the cojumon methods (»f precipitation, as follows: 

I. Coal tar colours precipitated by the aid of haritm chloride, viz., all the 
acid coal-far coloar.s. 

a. Coal-tar colours preeipitiited by the aid of lead aailx (lead acetate 
or nitrate) ; notably the remreine colours —cosine, (‘rythrosine, pbloxine, rose 
Bengale. 

Coal-tar colours precipitated l)y famnn or lanuiudariar cmefic. These 
chiefly comprise all basic coal-tar colours. 

4. Coal-tar colours precipitated by aluminium o.ridc. A).,i\’ the rosanilinei 
and alizarine colours only. 

a. Colouring matters dirccfli/ produced by prccipilalion: ice colouring 
maltcrs, dia:o co/o///-.v. 

b. Colouring matters <lireetly absorbed by siliceous maicrud (clay, green 
earth, umber, ochre, ike.), \ iz,. llie basic coal far colours only. 

Of course there are e.xeepliojis to the f<»reg<»ing ela,s.sifi<‘alj<)ii, inasmuch as-' 
colouring matters of tme group mav In; preeipilal«j<i by media of another group. 
For instance, eertain of the azo (xilours are precipitated completely l»y lead- 
salts ; and, conversely, some of the basic colours will, under eertain cunditionsy 
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form suitable lakes witli barium rhioridr, or at least are absorlMMl and retained 
by lead and barium chloride lakes, M ithiuil any iurther procipibiiinjf agents— 
is.g.j magenta, rhodainliie, brilliatii ffreen. nielhyl violet, iVe. In this way 
the comlniK’d or mixed /airx are oblaliie<l, and on account oT their larp;e 
number they play a more important ])art in lake niamifai'tiire than the pure 
lakes obtained from a single colouring matter by one of tin* above-named 
precipitation methods. 

A full collection of all the suitable formula* for the various lakes eannot, 
course, be expected here. Only a few examples can be giv<'n io explain 
the method, the preparation (»f the stdutions used, the (juantily and kind ot 
the dry a<ljunets, the relative advantages, &n\ riu* various exceptions to 
the different methods are (piickly leariu’d !)v exj>(‘rit*n<*('. When a colouring 
matter of which the lake ni.aker has hatl no prt'vious experience has lo l>e 
treated, the colour-makers will always give the necessary particulars as to its 
ase, the most favourable inotliod of precipitation, vve. We are now solely 
[jonceriied with lakes us(;d in practice as pi'^meu! co/onr.v. 

Whilst, as already mentioned, the covering power of llie lake pigments 
depends chiefly on the composition of the carrier, the <‘olour and other 
properties of the lake —fastness to light, alkalies, weak acids, alcohol, tS:e.— 
depend entirely, or for the most part, on the natures of the (M)louring 
principle -—i.c , one or more coal-tar colouring matters. It foll«)ws, therefore, 
that, apart from the possibility of their precipitfiting each other, the colour¬ 
ing matters clmsen must supplement one .another's properties, so as to enable 
pnalucts to be made that will satisfy all requirements. A thorough know¬ 
ledge of the coal-tar colours is therefore a prime condition for tln^ succTssbil 
manufacture of lake piguu*i»ts. > 

In view of the great ntimhcr of coal-tar colourirnow kimwii, the possi¬ 
bilities of combined precipitation are practically''unlimited. In modern 
colonr-makitjg the prccij)itation is 7iot always carried out according to the 
methods given above, but sometimes on lines that are r<-ally absurd, f )r the 
sole purpose of throwing imitators off’ the scent. 

An ordinary maroon lake f<n* wall-jjapcrs may be taken as an (‘xample 
of a combined lake. As the initial lake*—if sjich a lerin be permissible—a 
scarlet lake is almost invariably chosen (see p. for the process). Accord¬ 
ing to the foregoing classification by methods of precipitation. Ibis lake 
. belongs to (flass 1. When comj)l(‘l(“lv precipitated with barium <‘hIori(le, I tie 
bright red lake is converted into the dark, Ifluish or brownish maroon sliade 
by a solution of magenta, which is either fully abs(u*l)ed or afterwards fixed, 
if in excess, by an addition ofbantim chloride. Since magenta belongs to 
the basic colouring matters, it must be prccipitatiid on tlie scarlet lake l>y 
means of the tannin-tartar emetic method (Class The .sliad<* and inicn- • 
sity of the maroon lake depend on a variety of circimistances .According ns 
a bluish or yellowish scarlet, bir instance, ora pure orange, r»r even all three 
together, has been used for tin* searlet lake, the iiiially addcil magenta will 
produce a bluish, brownish, or dark re<l shade, m hieh, if the lake is also j)re- 
cipitated on one or more mixed carriers, may in turn be inilueiieed by the 
nature of these various components. Moreover, tin? sbad(* of the maroon 
lake can be modified at fdeasure to a bluish or l)rownish tone by a simul¬ 
taneous precipitation of other basic coal-tar colours, such as methyl vi<dt*t, 
IjriUiant green, &c., added to the s(dulion of magenta. There i»eiiig no 
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relinble methods of detectinjf individual coal-tar colours, especially in a mix¬ 
ture ()r several, the rnatchinjf of a mixeil lake pi}?mcnt is often a very didiciilt 
and troul)les<une task, and the sole ;,niide is an experienced eye and skill in 
the analysis of colour (see Translator’s remark innler Ihe hea(iin_i( “Analysis 
of Lak(‘ Pigments ”). 

I. Lakes Precipitated by Barium Chloride 
n. Yellow Lakes 

I'or reasons very easy to undcrsland, yellow lakes are made and used as 
true j)i<;ments to a smaller extent than any other lakes, ouin*]; to tlie superior 
advania<{es presented by the absolutely fast arid very brij^ht lead chromates 
of lii/jb eoverin^ })ower and low priee. Yellow lakes, the tnnnbcr of'wbich 
is very limited in eomparison with tin* e\t(msive scale of red, Idue, and violet 
lakes, are more often found as eomponents of pure ^reen or olive lakes, the 
bri;»hln<'ss and intensity of wliieh are tl»erehy eonsi(leral)]v improved. 

Tlie aeid yellow coal-tar colours, //c/Zoa^, iiaiililliolycitow, paper, 

rieloria, (Haitil, and azo i/ellofr, and more rv.vrnt\y a.sladnr i/r//o>r, an^ used for 
manufacturing; lakes. Quinolin, j)a})er, and azo yellow are eompletely pre- 
eipitaled by barium ebloride, but napbtln>l y<‘llovv and aslacine yellow reejuire 
the presence of alumina and artificial barytes as well l<» ensui e the same result. 
Kxee|)t in the ease of (juinolin yellow and (mnler certain e(»nditions) paper 
yellow lakes, tlie filtrates and washiiiiis are always sliolilly tinned with yellow, 
in spittr of the complete precipitation ol’ the colouring matter—a si<rn that 
thes(; lakes are not snfliciently fast to water. 

(^niindin and azo yi'llow recpiire 100 parts of water to 1 part of colonrin" 
matter, Imt the others only need oO parts for complete solution—a fact fully 
explaining the easier precipitatiim of the first (wo named colonriny' matters 
l)y barium cliloride and the ^reati*!* fastness of theirlakcs to water. Napbthol 
and astaeine yellow, liowever, are more diflicult to preeijntate under the 
conditions mentioned; and when a lar<;er (juantily of the coloiirin_i>- matter 
is used —viz., i)iii*iiter sha(h‘s are made -complete precipitation is effected 
only after a pridon^cd and continual stirrings;. 

The imperfect fixation, however, can he supplemented by addin;; a small 
(juanlity of barium chloride, soda, or ahmiiniiim sulpliate, either alone or 
to;;clher. For this purpose the filtrate of a .sample taken from the manu¬ 
factured lake is divided into three jiarts, each bein;;’ tested with one of the 
three salts named, to see whether a precipitate is formed and if complete 
fixation <if the eolonritii; matters has been secured. If no satisfactory result 
Is obtained, the test must be repeated with two of the salts—barium 
ebloride and soda, aluminium sulphate and soda, or barium ebloride and 
aluminium siil])hate and, if neeessnrv, witli all three to;;etber, the propor¬ 
tions consumed bein;; noted and calculated for use on a practical scale. It 
must not, however, be expect<.*d that the fust attempt in })ractice will be 
satisfactory, for, owiiyj; to some unex()laincd reason, this is rarely the case, 
and further tentative trials must be made. 'I’his peculiarity is frequently 
observed in the precipitation of other aeid colouring mattei*s, and not yet 
entirely explained. I’he fact was therefore mentioned in tliis place to 
avoid any further discussion of the matter. 
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Owin^T to the property of (piinoliii anil azn yellow to form lakes direet 
with barium ehlorUb*, tliese eoloiirinpj mailers eaii he used alone or mixed 
to'^ethcr in any desired (|uantitic.s for maniifacliirin^ simple or mixed lakes 
without any further adjuncts, hor this purpose thev are preeipilaled on 
some colourhtss body, such as barytes, clnna clay, ordinary ela^’, gypsum, 
zinc white, lithopi>ne, iSa*., by .a solution <d barium chloride. Finer lakes, 
such as arc used in p.aste or powder form for wall and fancy papers, 
generally contain artificial barytes and ahnnin.-i as .a carrier, baryt(“s and 
china clay (more rarely chalk, gypsum, or starch) being added tet reduce 
the cost. 

'Pile following proportions may serve as an cxam})Ic of the first type of 
lakes. 


I. 

(I. 


100 barytes (or china el.ay,,elav, Me.). 

1 to a (piinolin yellow (1 : 100 water^ 
'2 to 10 l)ariuni eldoride (I ; 10 water). 
100 barytes (or eln'iia clay, clay, ike.), 

I (piinolin yellow ) ,, 

1 .'zo yellow ] (1:100 water). 

2 to barium chloride (1 : 10 water). 


The precipitation on alumina and .arlifieial barytes is nsually ofreeted as 
follows: Aluminium sulphate is dissolved in a forty-fold (piaiilily of h<»t 
water, and a solution of calcined soda in ten parts of water is slowly run in, 
with constant stirring. A mi.xture of alumina a.ul (Jlaiiber salt is produced, 
which is mixed by continual stirring witJi llie colouring mailer, di.s.solved in 
100 parts of liot water (.')0'^ to flO^ C.), followed by the warm sohithni of 
barium eliloride (I : lo), tin* whole being stirred nntij'the eou^unini' matter is 
completely fixed on the carrier, a process sometii)#‘es taking several h(,;;..s. 
By the aid of trials made on filter j)aper, .as already mentioned, witli a lew 
drops of the colour licpiid, It is ascertained whether the lake is entirely 
ju’ccipitatcal or not. A drop of the well-stirred contents of the laidi sliould 
give a coloured stain with sliarj) edges wlieii dropped on tlic paper, the 
surrounding wet /.one being colourless, otherwise the lake is not yet entirely 
precipitated and the water still contains di.ssolved colouring matter. The 
nece.ssary (pianlity of barium chloride varies in each ease, depending on the 
(piantity of the colouring matter, a certain additional (juantily being lU'cded 
to fix llie colouring matter. 

Kvaniph : 20 almninium sulj)hale (1 : 40). 

10 calcined soda (1 ; 10), 

5 to to colouring matter (1 : 100 resp. I r.'iO). 

:> t to .')() barium chloride (1 ; 10). 

The lakes are washed as usual, but since the yellow lake.s arc not very 
fast to water the washing is not continued until all the sodium eldoride has 
been removed, excessive washing reducing the brightness of the lakes. If 
the washing water runs away coloured (/.<'., the colour ‘'bleed.s ”), a small 
quantity of the precipitating agent (barium eliloride) is added as a substitute 
—though an imperfect one—for theafter-precij>itation. The ^Mdeeding ” of 
the colour is the more pronounced the smaller the proportion of salt in the 
washing water. 
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h. Orange Lakes 

Ilie abovc-desci’ibcd methods of precipitation ami tlic (juantities o: 
raw materials are, witli a few very iiisif;oi(ieamt exceptions, also em|>loyed foi 
tlie mamiiaeture of orange lakes from siiitalile coal-tar colours, so only tht 
diiferetit characterisiics oi tile types of this frrouj> Tiecd I>e given here. 

I’raetieally all the commercial lirands of orange colouring matters can 
generally he used for manufaelnring l^ikcs, imiiige II. ])iit on tile market in 
about tin'-sann' (piality and strength hy all aniline colour works, heing, how¬ 
ever, preferred to all others on aeemint cpf its cheapness, because, if'made 
aeconling to directions, very bright and fairly fast lakes can be obtained. 
In addition,,image It, imiiige (). and /o.v/ omngeOare used for cerlain orange 
lakes, purer sliades especially for printing purposes lieing made from hnUuml 
nniiigr (! am! It, whilst the dilfercntly toned liranils, such as lirlio oremge, pinto 
omiigr,mi,iiit,vin orangr for hd-cx, &c., are only used I'or sjiecial purposes that 
o( course, cannot be discussed here. ' ’ 

All these brands of orange are readily soluble in hot water (I : .'iO), and 
•are cmiplctely precipitateii by barium chloriilc alone in nearly all case.s. 
Most of Ihese lakes, lurwever, are not In-ight, and the precipitation is not a 
cianplete one unless it is elfecled at a higher temperature (()()' to 70 '’ C,). 
With many brands of orange coal tar colours, however, the higher teiii-i 
perainre inlluences only the brightness of the lakes in a favourable way, 
whilst the complete fixation of the colouring matter only takes place on 

Though,asalreaily mentioned, barium (ddoride alone will precipitate most 
of the orange coal-tar colours eompletcdy by itself, this very simple method 
is. ..niy seldom used. (Icnerally, even with ()uite onlinary’brands, artificial 
barytes is produced at the same time, because the colouring matter is 
apparcidly not only fixed better and rendered faster to water, but the 
resulting lake is also purer intone, without being alfected by the presence of 
barium sulphate, providml the latter is not in excess. This fact bl■comes all 
the more noticeable when, as is done with the finer brands of orange fakes, 
alumina is-also produced at the .same lime. In this case the piedpitatipn 
of the colouring matter is so complete that the filtrate from the lake is- 
quite colourless, a rare occurrence when the colouring matter is preeijutated 
along with artificial barytes. Here, too, it may happen, especially when 
the ratio of colonring matter to barium sulph.'de is very hi.di, that the 
fixation of the colouring matter is supplemented by an after-'|>reci|)itation 
with one of the salts used, though the calculated quantity of barium chloride 
should have been snilicient for complete precipitation, ' This circumstancei 
however, oecnrs in but few brands of orange II, the others, especially fast 
orange (), orange It, brilliant orange (1 and It, being nsnallv precipitated ' 

The following ipi.-mtities of raw maleri.-ds will serve as a typical example - 
for ordinary oraiijic lak<‘s; ' * 

100 bnrytos (mix<'d with zinc while, litlioponc. ike., for o])a(pu,* colours). ‘ 

.'■> (Jlnulier salt, erv't., dissolved in aO uatcr. 

to !) colourinj; matter, dissolved in .>0 to 100 water. 

8 to 10 I)ariinn chloride, erysl , <liss»dv<al in S<t to 100 water. 
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Any aAcr-jMccipil.ition, If neccssnrv, is usoally cirtcli'il Mitli ()*f) lo 1*5 
of Glauber sail. 

In many eases the alumina soila hu-IIukI can he specially recnnuneii(le<l 
for producing very lakes Irmn (iranj;;e coal-tar colours. 


c. Rod Lakes 

Compared with the .ihovc nieiiliomal \i llo\v and oraiijnc lakt s, the 
number of red lakes is rclaliv<-lv much lar^t i', and their niajiiifaetnrtr and 
consumption are so oreal that the olln r lakes \iz., the Idues and violets— 
cannot vie with them in this r<‘.speet. 'I'he eliief eoloiirinj^ pniieiples used 
for maimf'actnrini; red lakes .are first of,all the so called a.a foAo/r.v. generally 
known in the <a»hmr trade as stailds. Thev are obtainable in all vaiieties, 
from the lightest searlet to the via‘\’ tlarkest and most hliiish Ilord<‘.au\ shade., 
Most of these eolourinj;' matters, too, .are laaulily soluble in water, and are 
completely pre< ipitaled Ironi tlieir sohilions h^• l).ai iuni ehloritle. AII p(>ssihle 
varieties of the barium <-idoride preeipit.alion nielhod are used for ibis pur¬ 
pose in eolour works, the deeisivt; taetor bciiije- the physic.d or ehemi<'al 
nature of the eolounn”' mailer or tin' brilliance of the lake to be produced. 

'I'o simplify ibis eom|>le\ subject it will be useful lo examine first of all 
the various and, with regard {(► reiil, suitahle methods of preeipilalion with 
barium ehhu-ide that differ either amoii^ themselves or in the resulls whieh 
they ^ive with apparently analoj^ons eolouhno matters, befmr dealing;' with 
the separate types of ecdoiirin;!; m.liters and their lakes. 

'I‘he true alioiinnuin Miljilmlc tn/il Ixtrium rlilonilt’ iiiclliod, in w hiidi aluminium 
sulphate is first preelpitated by s<Kla, and the residting^ (dauber s'-jl then 
thrown down alon^^ wilh the eoioiirin^ matter by b.ariynfeldonde, isjbe one 
j^eiierally used in mamifaeturin^ red lakes. Tlii'^metliod, b<»wever, is not 
applicable to all liie azo e(»Iour.s, since many of IhcsiM-olourin;;' m.allersare 
very difficult to preeipilate completely, or, if such is the <‘a.se, sometiim-s form 
peculiar brownish lakes. Tiiis discoloration, however, is common lo nearly 
all azo colours j>rceipitaled by Ibis method when the solutions of the 
s{dts employed are too concentrated, too excessive dilution beiu”' the cause 
hi other eases, wliilst in oIIkts, a;rain, discoloration occurs in the drying- 
room, even when the jirecipilaled lake lias been thori»uj;bly wasbeil. 
Generally speaking, all the lakes from azo colours made by ibis process 
undergo sometimes considerable changes while in the artifii'ially heated 
drying-rooms, es])ecially if the temperature is irregular or too high. Hence 
this cheapest method is specially confined t<» the manuracturc of red lakes 
in paste form, tlie temperature of the precipitation then playing a very 
important part. Only a few of the searlet lakes become apparently brighter 
if hot solutions are used for precipitation (P0° (.!.}, most of them being more 
or less pale or really discoloured, especially wlieii, at the same time, the 
saline solutions have hccii too strong. Hence in all the precipitation 
methods for these colours very dilute solutions and a low Icmpcraturc—not 
above K) —are essential. The most suitable ahiuiiiia for paste colours, 
however, being only obtainable at a very liigh temjicrature (boiling heal), 
whilst the colouring matter must he precipitated not hclow M) ('., the solu¬ 
tions of aluminium sulphate and of soda ;irc therefore generally mix<'d in a 
heated euudition ; the warm solution of the colouring matter is well stirred 
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ami added, the iiiixlure diluted with a suitable quantity of water, and 
filially precipitated by a cold solution of barium cliloridc. The fixation of 
the colouriii},^ matters usually proceeds very slowly, either in consequence 
of the dejjree of dilution or on account of their chemical nature, and the 
mixture must therefore be stirred for some time after the precipitation is 
complete. 

In the aliwi andluiriam cli/oridc proeex.s aluminium sulphate is replaced by 
an c(juivalcnt (puintity of cryslallised alum, though in all other respects the 
two processes are identical. To obtain brighter red lakes a corresponding 
(|uantily of soda crystals is said to he preferable to calcined soda, but this 
opinion is probably correct in only a very few Instances. As a matter of 
fact, tlie lakes obtained by the alum method, espeeially from dilute solutions, 
are not only softer and sometimes brighter in lone, but also much suiter, 
lighter, ami of greater covering power when dry, so that they are especially 
suitable for certain [irinting purposes. Of course the price of alum makes 
these lakes eonsiileraldy dearer than those from aluminium sulphate, 
e.speeially wlien crystal soda is used as well, so lhat this method is not 
suitable for wali-[)aper lakes unless the colouring matter cannot be com- 
])lctely precipitated by the other. 

'I'he ahminiiini xidplialc and linic proeexx has latterly been growing in 
favour for preeifiilating certain red a/.o colf>urs. It consists, as already 
mentioned on p. l<s I, in decomposing aluminium sulphate with caustic lime 
in the form of a Ireshly prepared, very pure milk of lime, a ecriain (juantity 
ot' ealcimu sulphate being tbmie<l as well as alumina, f or this ix-ason the 
dne<l lakes made after this process arc soft and light, unless the calcium 
sulphate Im* converted into artificial barytes by the barium cldoridc. Alu¬ 
minium iV.'drate obtained by this melhotl seems also to bi' of a dilfi-rent 
character, since the low specific gravity and the softness of these lakes 
eaiinol. be entirely due to liie relatively small <pianlity of calcium sulphate. 
Sometimes the a/,o colours rcipiire a certain addition of 'I'urkey red oil to 
ensure complete fi.vafion, a favourable iiiHuence being also exerted on the 
physical properties of the dry lak(‘. 

(leiierally the aluminium siilpliate and lime process is not characterised 
by specially uniform results, for unless the prescribed state of dilution be 
exactly maintained alumina easily comes down in lumps or as a granular 
mass, tlie colouring mutters being then unerjually fixed and the lakes 
forming sandy, non coherent masses wlien dry. If the azo colour is very 
sensitive—c.g., cotton scarlel—the lake easily turns brown in shade, more 
espeeially when the colouring matter lias to be boiled a long lime during 
fixation. Instead of caustic lime pure levigated chalk is often preferable, 
which, on account of its constant composition, is more convenient and reliable 
in working, and therefore gives uniform results. 

Resides these three principal method.s of precipitation, other processes 
arc used with red azo colours, but are of little importance, and therefore 
need merely he mentioned liere. One of tliese methods is the so'called 
“phosphoric acid precipitation,' which, as already mentioned on p. IHo, is 
based on the formation of aluminium phosphate. Another is the formation of 
l)arium carlruiiate from soda and barium chloride, the colouring matter being 
precipitated at the same time. This last method has, however, the dis¬ 
advantage that the colouring matter is kept in contact with a solution of 
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free soda for some time, so that, inconsc<jucnce of the sensitiveness of many 
azo colours to alkalies, the hri^htness of the lakes is impaired. 

Finally il may be mentioned that the lakes made by the above methods 
can be made mueh bri”l»ter by repealed washin«;s. lienee this operation 
should never be neglected, especially since n><»si az(ecoIour preeipilates are 
fast to water, and (aeililale the washing; process by settling; down (piiekly. 

As to the siitip/cr srarlrl Itihrs, all tl>e brands of scarlet, n<»w sohl liy the 
colour-makers in nearlv i<h‘ntical bi’i^hliu'ss ami slren^tli.are suitable, eillna* 
alone or mixed in any desired proportion. Ihe ri'snllin^ lakes, when made 
by the same method, always exhibit i<!ehtieal physical pniperties, except for 
small ditfcreiiees with re^^ard U> shade and hri^i-hlness, 'flm manofaetunnjr 
process belnj; easy wljeu the al)ove-)nentioned rules are observed, there is no 
difficulty in malchin;^ a <>iven sample, since a (listinct system of elassifi<*alioii 
acconlin^f to sliade prevails in tin' trade, viz., scarh't (»,‘iti, sivirlel U, !2ll, 
.'iU, tU, .)U, and (ill, the Idler (i indicating the yellowisli luands, U the 
reddish ones, and the iimmTals .‘I, cS:e,, the progres.sixe cleplh of shade (in 
the same way ii is used for l>hiish l)ram)s). Of these brands, scarlet (»(•, 
G, H, ‘JH, and ‘ill can he easily and com))lelely pre<ipitated l)y barium 
chloride in any pro])orli(>n or mdlnxi, though Ihe lakes are always of a 
rather more l)luish tinge Ilian the solution of the colouring mailer, viewed 
bv transmitteil li,i;ht, llu* most noticeable instance being atl'ordi-d by tlie 
lakes from scarlet ;5R. Scarlet ill, oil, and (ill, Imwever, presinl great 
dillieullies in the way of eomplde precipitation, even when special preeau- 
lions arc adopted. Scarlet til gives inferior lakes. Scarlets .‘ill to (ill 
diminisl) eonsid<n';d)ly in brightness as tin* lihiisb toiu' increases, and (lie 
lakes, timrefore, ar(‘ considerably dearer. I hese brands of soj^rlet bei*;;; also 
more expensive than the* yellow ones, il is easy to inidersl*iT»ri why l.’cy «ue 
seldom used for making lakes. ^ 

Besides these ordinary brands of scarlet, most aniline <'oh>ur firms pro¬ 
duce so-called sairlc/s- for laLcw which, as the t^me implies, are easily and 
comjdctely precipitated. A discussion of tl^V” ry numerous tyjies of this 
group of azo colours is impossible lu'ie, mort ;irti(*ularly since the colour- 
makers will give all necessary particulars if dt .ired. 

The red azo colours, known in the trade as iTO(rf//r.v, arc more diflicult 
to precipitate than those menlioiied hitherto. 'I’his group includes tl>e 
scarids (Kearlats) and the v.'irious colftm sair/d.s. 'I'hcse colouring matters are 
not only more powerful, hut also more sensitive to high temperatures and the 
salts used for precipitation. lh-eeipitj>tioii is therefore seldom complete except 
in the cold (iil)' to C.), and after prolonged stirring, sometimes for 
days. Their grciiter tinctorial power also entails a .sometimes consiilerahle 
variation in the })roportion of the raw materials, so that the precipitation 
may become very complicated and troublesome, the more l)eeaus(“ tlie 
brighte.st shades are only obtained by using very dilute solutions. 

The simple alumina and b.irimri chloride process is generally insufticaent 
for fixing these azo colours, eoni})lete precipitation being generally out of the 
question, and even when obtainable the l.ikes are more of a brownish tone 
than pure red, I his may be due to the pnijiortion of alumina in the mix¬ 
ture with artificial barytes being loo large to permit the colouring matter to 
be properly combined, a further addition of fariuin chloride being needed 
to throw clown the excess of colouring matter. 
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'I'his ('ii'(‘iuiihtanoe would also explain the brown tone of such lakes; but, 
oil the other liiind, it must be remembered that some croceiiies cannot be com¬ 
pletely fixed even when a definite quantity of (dauber salt is added to the 
solution of aluminium sulphate in order to adjust the ratio between the 
alumina and artificial barytes. 'This disadvantaj^e, however, does not occur 
wlicii pieeipilatimi is efi’eoled by the alum and barium chloride method, 
because, ihon^ii this proeess may be no less troublesome, still the colouring 
matU r is fully precipitated after jirolonged stirring. Miu'eover, if suitably 
ililulci) solutions have been used, the resulting lakes are ahvay.s of a pure red 
tone, brown-eolourtal precijiitates oceiirring only when the precipitating 
solutions have heen us^il loo hot or loo strong. 

Still greater dillienlty is met with in preeipitaling the so-called ckromo” 
IrofM'.s. Of this group, only ehromoUojm 2II, fill, and lOll can be successfully 
preci)»itaU <l, and furnish more or less suitable lakes. i'l(roni(rj)nc rah behave 
in a very similar manner in regard to precipitation, and are only preeipitable 
ill certain definite proportions. Usually they have to stand for three to foul 
days,and be stirred iiiilil the filtrates are only slightly tinged willi blue or red. 

Of tlie recent a/.o I’olours, hril/hiiil auniiin’, asiaciiw ral, ainnino^cn, lielit 
piirf)iirin, iS:e.,are i»f special importance, and can mo.stty be siiecessfiilly pre¬ 
cipitated will) barium chloride liy one or other of the methods named, lior- 
f/r’UM.i and awarauth rah la-have in a similar manner, Imt are now seldom used 
for lakes, on aeeoiiul of their low intensity and tlie poor lone of the preeipitaU 
with barium eliloride. 

The iitsoliihic a:,o ai/otir.s— the t olourin!* iiuillvr.s, as llu-y are eallec 

by soiiH' makers on the other hand, are becoming more popular, thougi 
ratbex dillieult to work up int<» lake pigments. The nmnlier of these colour 
is mm ven considerable, and llicir shades range from the palest sulphur 
yellow to the daikest bluish erimson. The most important are: 

I. Farlnictir IIoclixl, laic Mcisicr I.iicinx a ad Briiaiag. 

Ifigmciit chlorine (KJ. Pigment red (1 and B. 

Pigment chrome yellow L. Pigment purple A. 

Pigment orange H. Pigment crimson 11, N. 

Bed for Takes P and C. 

g. 'I'iic lUuhschc Jailiii- uad Soda-l'ahrik, Liidirigxlaij'en. 

Anlol orange. 

Aiitol red (il,, lU.P, BUI,, ULP bluisli, BT. 

Tillud re<l, iithol red (1(1. 

I'lirlwafalniki’ii, laic Fr. liai/ir nitd To., Flherfcld. 

llelio purpurin, .‘JBT, oBL. Hello fast red (1, 

4 (k fiir Aiiiliafahrihtfion, fierlhi. 

Bed for lakes -M) 14 

All tiiese coal-tar I'olours are sold by their makers in tlie form of a pasf 
containing variidile jirojiovtions of dry matter, and are all very blightly 
soluble in water, if at all. Imh* llu: production of lakes they arc mixed with 
suitable earrier.s by purely meebaiiical means, either at ordinary temperature 
in edge runners, wet mills, cone mills, or made into a jwsle with 
water, added to the carrier through a sieve, and the mixture boiled with: 
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a definite quantity of hariuin cliloride. In the latter method the lakes 
acquire a somewhat hi^jlier covering ])owcr: hut some colouring matters 
undergo a ehange of shade at high temperatures or when tr<*ated with 
barium chloride, turning tlarker ami more bluish (I 'r.. red for lakes I* and 
lithol red) <ir brownish (lugnumt red (i). '{'In' greatest intensity ol'lliese lakes 
is, however, miatlainable by any of the methods given, Inil is produced only 
after a repeated and sometimes very powerlhl grinding of the <lrv lakes. 

The lakes from these insohd>le azo colours are used not only for litho 
and letterpress printing, water eolonrs. i‘s;e., Imt also as varnish (W oil 
colours, according to the material chosen as the carrier. 'I'hese lakes are 
mostly bright eolonrs of good eoNcring powi'r, fasl to alkalies, alcohol, and 
generally to light as well. 

'i'hough, ns aln'ady mentioned, most aniline colour works pul special az<) 
colours on ihe market as so called ‘‘scarlets for lakes.” some of which give 
very bright scarlet lakes when jua eipitaled by barium eblori(I<‘ alone, as 
described, they are mostly used to mix with differently shaded scarlet or 
orange colouring mailers of 11 k‘ azo class. Scarlets h»r lakes an' generally 
somewhat dearer, Iheir lakes are distinguislu'd by a cold, bluish lone, and 
finally they an* U>o few in number to furnish a eom|)lele seri< s of scarlet 
lakes. Apart from the fact that the higher price <)f scarlets for lakes necessi¬ 
tates suitable additiutjs of c-beaper ordinary scarlets, it is also advisable to 
emjdoy more yellowish scarlets, or I'Veii juire azo oranges, in onb-r lo ol)tain 
l)rig!»l, warm tones .and suil.able gr.ad.atiim along the scale. Tiu- aniline 
colourmakers would therefore bt; obliged to kecj) a large number of various 
brands of se.arlol in stock, were it not th.d, tbrtimalely, the se.arU't fakes, 
by their brightness and other propj'rties, arc able to furnish a series ot 
uniform lakes by siiitabh^ mixtures of a small imuil)eror yeli/are'’t»|imd bluish 
scarlet colouring matters. ;y r 

This fact is best ilbistratcal by an example. Assuming the folhnving 
ratios of raw materials to b(' taken for tlu' manufacture <d' scarlet lakes : 

‘20 .aluminium sulpliate,! : 10 
10 caleiiied soda, 1:10 
l.a colouring mailer, I : .aO 
.'J7 a barium eldori(b‘, 1 : 20 

then, in aecordanet' w itb this l.able, a whole series of varimisly siraderl lakes 
can be obtained from scarlet KiBL and scarlet 2l{L, the other pi'operlies 
of thgse lakes remaining eorrstant, on aeeoimt of the regadar pi-opr»rlion 
maintained between .aluminium sulphate, soda, and barium chloride. 

The quantities of eolourirrg matters, for instance, may be as folhrws : 


Sciuli'l l.iikc 

j (vrry 

VcIIomSIj I. 

n 

f.M'llowislih 

oi'iIiUhIi), j 

I) 

(rnl). 

«• 

(Mnisli). 

(very 
liluiKlii. 

Almniiiiutii siiliili.aU*. 

1 

•20 

20 ' 

20 ' 

20 

20 

20 

Caleiucfl soda . 

! 10 

10 

10 j 

10 

10 

10 

Scarlet 40 1>1j . 

• b' 

12 


<; 

:5 

— 

Scarlet 2U]i 

1 — 

:{ 

<; 1 

<). 

12 

l.'l 

Barium clrloride 

i or-.' 

:57 e 




:i7r, 


2 1 
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Exactly the same lakes can be obtained by other mixtures of red azo 
colours—for instance, orange II and scarlet —if the shade and intensity 

of scarlet KJBL has once been determined by mixing these colouring 
matters in definite quantities, and it is easy to calculate the weights 
required to obtain the otlier lakes, B, C, 1), iS:c. If, for instance, it is found 
that a mixture of 4 parts of orange II and 1 part of scarlet ‘iUL produces 
exactly the same shade atid intensity as .*> parts of scarlet 4GBL, then lake 
A can be pre[)ared from the following weights: 


Aluminium sulphate 
Calcined soda . 
Orange II 
Scarlet UUL , 
Barium chloride 


20 

10 

12 

'A7-r> 


12 parts of scarlet KIBI. having been used to ol)taln lake B, llie 
formula for the new colouring matter is ; 

4 orange II : 5 scarlet KJBL = .r : 12. 

ts 

Hence .r - -- -- orange II; viz., scarlet lake B is obtained of the same 

shade ami intensity if 12 parts of scarlet 4('BL are replaced by 9 () of 
orange II and .V t of scarlet 2HL for precipitation. In the same way, for 
lake C the (|uanliUes of colouring matter are 7'2 parts of orange II and 7*8 
parts of scarlet 2KL ; and since orange II is ehcaper than scarlet 4GBL, the 
resulting lakes arc also eheaj)er. 

These c<)nil)inations ean be varitul all through the series of these lakes. 
Thus, for n?^.|. '^jee, s(‘arlel for lakes GG ean be taken instead of orange II 
in substitniun.i . n* scarlet 4(iBL, and at the same time scarlet 3RL can 
be replaced for certain lakes of tln^ s(.*ries by a eone.sj)onding quantity of 
a more yellowish azo colour, such as scarlet H, or throughout tlie whole 
series by n more bluish product —c.g., scarlet B extra. In a similar manner, 
various combinations can l)c arranged between the diiferent l)rands of scarlet 
and orange on the one hand and all the scarlet and Bordeaux colouring 
matters or insoluble azo colours on the other, 'flu! number of pos.sible 
shades varies, of course, inversely with the relative approximation of tlie 
colours used in the combination. At the same time, however, any change 
in the colouring matters used is accompanied by an alteration in the cost 
of the lakes. This is not the place for discussing the })oint, and it must 
therefore be left to the skill and judgment of the colour-maker or chemist 
for decision in each case. 

'I'hc mctliod of dissolving tlie colouring matters to be precipibited 
together is of special importance with regard to the brightness of most lakes 
from azo colours. The colouring matters can be dissolved simultaneously 
or one after the other. In the latter case tlie sejiarate solutions can be 
added to the precipitation mixture in various orders. Experience teaches, 
however, that lakes are generally much brighter when the colouring:; 
matters have been dissolved together, though in many cases there are. 
also accompanying disadvantages. The colouring matters may alw'ayS' 
be dissolved together if of the same chemical nature; otherwise car^’ 
is advisable, and the results furnished by the Joint and separate solu^om^, 
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most be compared. If the former prove unKiiitable, the onicr in wliicfi the 
separate solutions are to l)e run into the precipitating; tank must be ascer- 
taine<l, so as to avoid the same dis.-idvanta^je as wonUl ensue from joint 
solution. This disadvantage ehicHy consists of a typical property possessed 
by some colouring matters—namely, that of precipitaliiig one another Irom 
solution, on account of dinerences in Ilnur chemical nature. I’liis, of <‘ourse, 
prevents joint solution. Though this disadvuit.ige is rarely oneountercd 
with acid colouring matters, it often happens that in the presence of dis¬ 
solved salts, such as are aUv.ays present in the preeipilation li(juor, the 
colouring matter is precipitated from the solutlot» in a p^nvdery or crystalline 
state. This is not a true precipitation, and sometimes occur.s on mixing solu¬ 
tions of acid colouring matters, if the one colouring matter is more sparingly 
soluble in water than tin? other, and if suHicieul allo^^arn•e has not b(‘eii 
made for this in lixing the temperature and the (juanlity of water used. 
Many recent azo colours, for instance, dissolve only iti very hot water, and 
fall down more or less completely when mixed wilh co(»lcr solutions of other 
azo colours, and if this h.-ippcned in the precipitating tanks the cH’ecl ot the 
ocdouriiig matter in (jucstion would be entirely spoiled. No dt'liniU* general 
rules can he given here respecting the oiah-r in wliieli lh<‘ solutions should 
be added to the carrier, the mimher of combinalions being too great; 
these remarks being intended solely to explain llie fre(|uently occurring 
phenomenon in (piestion. 

<1. Violet Lakes from Acid CoabTar Colours 

Tliough very bright violet lakes can only be obtained from basic eoal-t.ar 
colours, acid violets, especially derivatives of the azo group, are now gene¬ 
rally preferred, on account of their greater fastness. Tl>ey are very few 
in number, only two kinds beijig known—ordinary m.vV/ violet i\m\ fast ucUl 
violet, all the brands of which are useil for lake-making. They are preeipi- 
tate<l without any special diHiculties by the various barium chloride processes 
u.sed for scarlet lakes ((j v.). They arc very expensive, especially the reddish 
brands of fast acid violet, and this, coupled with their low oilouring power 
in comparison with basic violet colouring matters, a<*eounts lor their lakt-s 
being used only for special printing purposes. 

c. Blue Lakes from Acid Coal-tar Colouring Matters 

Between the pure violet ami the blue acid colouring matters arc several 
which give bright lakes of a bluish violator rc<ldish blue tone, and are specially 
mitable for printing inks—;/hn/n// violet SJ/H ((.^assella) and ^uiuea violet, j^H 
(Berlin). They are precipitated completely by any of the barium chloride 
methods, and produce very bright, though rather jiale, lakes, absolutely fast 
to water. 

The number of pure blue acid colouring matters is very large in eom- 
jwrison with the violets, and their use for lake manufacturing is therefore far 
more important. The shades of lakes obtained from these (roluuring matters 
mnge from the palest sky-blue to the deepest indigo. 'I’hey are easily inanu- 
faotored, most of the colouring matters belonging to this class being easily 
and completely precipitated in any desired proportion by barium chloride 
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Each brand, moreover, furnishes n suitable lake, and therefore tlie compli- 
eated mixtures re(juired for scarlet lakes arc rarely necessary. The range of 
tones |)ossil)l(“ with these cedouring matters is limited on tiie one hand by 
puloil (xvlciK* blue), whii h gives the lightest shades, and oil the other 
bv //c//o /}m 7producing {lie darkest indigo tones, intermediate shades 
being obtained fnnn I he brands known as cotton blue*, wali*r blue, <*loth blue, 
light bbu‘, cotton light blue, opal blue, deep blue, Chinese blue, pure blue, 
navy blue, plain blu<^, wash blue, iS;c., iiiul sii|)j)lie(l in identical <iiiality by 
nearly all aniline colour makers. 

'I'be blue lakes can be uscil for all purposes and be prepared by nearly all 
the methods of |)reeipitatiori by barium ebloride. With a few exceptions, 
the results of tliesi* various precipitation methods are the same with regard 
to the (juantitv ()btainerl and hrightness. Some brands of patent blue are more 
ditru'ult to pre(‘ipitat(‘ I ban the other blue acid colouring matters, but in most 
eases a complete |)rceipitiitioM can be eHecle<i aflt*!* ])rolonged stirring, a 
short(‘r nudluul somelinu^s practicable being that of alter preei))ilation with 
aluminium sulphate, soda, and harinm chloride, as already described. 

/'. Lakes from Green Acid Colouring Matters 

'flu* few green acitl colouring matters - iiriil <^rccii and jiapl/lho/ —arc 

the most dilliciill to precipitate of all tile acid eoloming matters. Most of 
the barium chloride jiivcipitation mclliods either fail to give complete fixation 
of the colourin'^ inaltcr, or recjiiirc tiu* adoption of special artifices to ensure 
success. 'I'his is s|H'ci.iliv the case with napblbol green, which reijuires a 
prolong(“(l stirring or standing of the liipiids bi'tore it can be ])rcci|)itated at 
all, and then ( nlv in an impcrfccl degree in comparison with acid green. 
Ikirium chloride alone is an imperfeel precipitant of eillnM’of these colouring 
matters, (bough better in the case of acid green than with naphtbol green, 
(he brands of lids latter fr.tm diilerent works having (pule a (liH'ereiit be¬ 
haviour toward barium ebloride. riie alumina soda method is the most 
suitable of the various combined melbods of precipitation, but must often be 
modified according to the kind of colouring matter used. The usual modifi¬ 
cation consists in mixing the aluminium stdpbale with the solution of the 
colouring matter /<■., the reverse of the usual metluul — then precipitating 
with barimn ebh»ridc,and converting the aluminium chloride into aluminium 
oxide willi soila. I'acn with this method, and especially if considerable quanti¬ 
ties of eoloming matter are treated, a complete precipitation of the colouring 
matter is seldom obtained, an after-precipitation with aluminium sulphate or 
barium ebloridi*, or bolh together, being usually necessary, even after pro¬ 
longed sliiring. I be residling ac*id green lakes have usually a bluish-green 
tone, and are sold as viridin greens'. In spite of their deficient fastness to 
water, they must be washed repeatedly, since otherwise they dry hanl and 
sometimes lose their brilliancy, (n the manufacture of these lakes both the 
precipitation temperature and the degree of dilution play a considerable part. 
No distinct rules, however, can bo given, the nature of the various brands of 
colouring matters, which, oi' course, is a determinative factor, being often 
very difl'ereiit. Cicnerally, however, the result will be more favourable in 
proportion to. the degree of dilution of the solutions and the lower the 
precipitation temperature. 
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To a still greater extent tlie less bright, rather innss-green coloured 
iiaphthol green seems {<> depend for e(m»plele j)reeij)itatioii <ni delinite 
quantities of barium chloride, aluminium sulphate, and soda, an excess not 
being precipitable by barium ehhu'ide alone. I’he numl)er ot possible 
shades of viridin greens, as well as of lakes Irom naphllnd green, w(Mild 
therefore be ridativel}' small, were it not p«»ssible to increast* them by 
simultaneous precipitation with addition'' ot' ipiinolin or naphtlml yellow. 
By this means, and given definite proportions, a e<insitleral)le number of 
suitable viridin greens can be obtained in all tones fnun the lightest canary 
green to tin- deepest grass gtaa'ii, wlntdi in point ol inteiisily, brillianey, and 
perinanenev can hardU' be obtained by eoml)iiiing yellow and green lakes in 
any other way. 

Mixed lakes from naphtlml giacn and (piijioliii y<'llo^^■ are h ss ()|len met 
with, hut the production ot’ ^•oml)illed lakes Irom naplilhol yellow, paper 
yellow, and ,-islaeine vellow with naphlliol green h.is eoiisiderably iiureased. 
These lakes not oidv exhibit \<'iy rjgrcn-able olixf-giaan shades, reealling 
(esjx'cially in their lighter shades) the <-hrome greens, but aKo possess other 
very useful proj)erlies, especially great laslness to light. 

II. Colouring Matters Precipitated by Lead Salts 

Though the group of resorcin eolouring mailers, which here has to be 
taken into eonsidi-ration, is sm.all, they turiiish a considerable sei'ies ol very 
bright lakes, which plav a pari no less iiiipiU’lanl lhan, for instance, llu‘ far 
more numerons a/.w-eohmr lakes. In eonscapieTiee ol tin- eomplele preeipila- 
tion of the resorcin eoh iirs with h ad salts iijam an opa(jue base hy a very 
simple process, these lakes h.ave the advantage <*l forming pigment eohmrs ol 
good covering p(Mver, and are used especially for varnish painling' a ferdure 
tomparati\a:lv rare in many lakes, i.r., under sjieeial eondiliorjs only. 

UesiU'cin <‘oiouring matters are also of special importance' to wall am! 
fancy J)aper lakes, the special lakes ehielly pin/: l<i/,r aiu\ iin/liilioi/nirniiin' 
used for these purposes being unobtainable' in such bright and pure 
sluides from other eoal-lar colours of similar shade, Linmgli ihi-ir l.islness to 
light and the other properties are not very high. 

l,akes from reseu’cin colours are ]>rineipally used in the form ed the 
sO'Calleel •'(’riiiiifiin /a/c.v, jireuiueed in a great variety of shade's, ami used as 
transparent and opaejue.i colours great cenering power in all bram-he'S of 
the printing industries. 

Resorcin colour laki'S I’oi* ordinary painting are sold as rcnni/iinicKcx 
(royal reds, imitation vermilion, \e.) in a, great variety ot sliades. 1 bey 
have in many ease-s rejilaeed the natural and artificial vermilion as painter’s 
colours, on account of their greater brillianey and elicapnes.s. 

The grou]) of rt>orein ceehmi's is feu nied by co.sIih', cy'ilhru.shu', p/iliKchn't 
and rose Benga/e, sold by makers under the same name-s and in nearly the 
same quality. Tlie eosine forms the yellowest brands, rose Beiigale tlie 
bluest types of this group. They are completely ])reeipitated by lead acetate 
or lend nitrate, the brilljaney of the precipitates being the same in most 
cases. 'J1ie precipitation is very easy, the solution of the cohujriiig matter 
being mixed with the carrier, am! the dissolvetl lead .salt afterwards added, 
with constant stirring. 'I’he preeijntation is always complete when equal 
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quantities of colouring matter and lead salt are used, and the top liquor will 
then be quite colourless. Neither the degree of dilution nor the tempera¬ 
ture of precipitation seems to have mucli influence on the brilliancy of the 
resulting lake, though a suitable impure carrier, especially wlien considerable 
quantities of colouring matter are being treated, may precipitate the colour¬ 
ing matter in such a way that the dry lake is of a brownish tinge with a more 
or less metallic lustre when a])plied as an oil |Kiint, both these features being 
regarded as defects. 

Kosine lakes for wall and fancy papers contain as carrier aluminium 
hydroxide, artificial barytes, barytes, starch, china clay, white brands of clay, 
^c., alone or mixed together in any desired proportion. 

Red lead with small quantities of barytes or lead sulplmte is almost exclu¬ 
sively used as a carrier for vermiiioiiettes, alumina and orange lead being 
used for the finer sorts, in order to diminish their high specific gravity. 
Besides the more or less bluish or yellowish sliade of the cosine colouring 
matter, the carrier i.e., the (juantity and the natural colour of the materials 
employed for tins purpose—also modify the shade of the product* All the 
resorcin colours can he mixed together in ai\y desired proportions, and also 
be dissolved together and precipitated on the carrier by tlie same lead salt 
without impairing li»e brilliancy of the lakes. 

A more eomplicatetl process is necessary bn* making geranium lakes, the 
higher commercial value and liiier uses of which require greater care ill the 
manufacture. Alumina, artificial barytes, and lead sulphate form the chief 
carriers, starch, red lead, or white clays being imu-c rarely used. 'I'he pre|)ared 
carriers are (as iilready described) mixed with the hot solutions of colouring 
matter, and the colouring princij»lc is precipitated by the solution of lead salt, 
with constant stirring, (icranium lakes are made not only from all resorcin 
colours, but als(> from tlie cosines, particularly erythrosine and ])h!oxine (rarely 
rose Bengale), reil azo colours, like orange 11, and all scarlets. Tlie latter 
colouring matters are specially used wliea the geranium lakes are desired to 
produce bright oil paints. In this case an orange or scarlet lake from alumi¬ 
nium sulphate, soda, and barium chloride is first made in the usual way and 
sufficiently waslieil; the solution of rc.sorcin colour is then added, and finally 
precipitated by the lead saltsolution. In this way a great variety of shades of 
very bright geranium lakes can be obtained. V\'hcre large quantities of 
colouring matter have (o be treated, as is particularly the case with very 
bright lakes, the geranium lakes arc often found to “bronze’' more orJess 
when painted witli oil or printed. To avoid tliis defect, due to a partial 
precipitation of tiie cosine acid by free acetic or nitric acid during the treat¬ 
ment of the resorcin colour with the lead .salt, it is advisable to add a small 
quantity of alkali (caustic .soda) to the solutioji of colouring matter, so as to 
neutralise the acetic or nitric acid before cosine acid can be formed. 

Pure ecfsinc acid (bromofluorescein) will also iurnisli lakes which “bronze*' 
to a higli degree (the so-callcd bronze-red lakes), and are therefore specially 
suitable fur printing pur])oscs. Eosine acid is dissolved by boiling with alkali 
carln)nates (soda), the acid being reprecipitated in a finely divided state by, 
niinem! acids (sulphuric acid), then transformed into lead eosinate by mesii$^ 
of lead acetate, and finally mixed with a thin paste of freshly precipitated. 

• The load salts tised fm* precipitation hav(! also a shading inllncncc on the resulting 
lakes, uoctutc of lead always producing more yellowish pigments than nitrate of lead.. 
[IKANSLATOB.] 
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idomina. The lake is then washed several times, and finished in the usual 
■way. 

Ordinary /geranium lakes are very sensitive to the influence of spirit 
vaniish, but can be ‘greatly improved by Ihc use of sodium niuminate. rhe 
solution of colouring matter, mixed with aluminium sulphate, is first treated 
with lead nitrate, andafterwardswilli aniujucous soiutionof soilinm ainminute; 
or the two solutions are united, aiul the jH-eeipitate of lead hydroxide and 
alumina is added with the solution of sodium nitrate to the solution of 
colouring matter. 'Hie precipitation is very complete. 


III. Coal-tar Colouring Matters Procipitatod by Tannic Acid 

i'he very large eiass of //a.v/V coal-tar colours especially lia\'e I lie properly 
of forming tamiates, wliieh are ins(»luble in water. I’lns method of preeipi- 
tation is one of tlie most important used, though it is not suitable for all liasic 
coal-tar colours, some of them giving tannales of poor colour and inslalde 
character. In view of the great intensity and tlie bright colour of the 
basitt coal tar colours, and the ease with wliieli they are completely preei* 
pitable from aqueous solutions by weak organic acids or similar boilies, it 
was quite natural that other methods of pre( i|)itation besi<ies that hy tannic 
acid sluudd be gradually introduced, since tliese nuiliods, ihougli they 
cannot be used with all basic ccKil-tar cobiurs, funiisli with some types 
better results than the laiinie a(.-id process. 

The following ha.sic coal-tar colours are generally Used for manufacturing 
lakes : 'Die various brands of in.igcnta and their cheaper l>y-produels, like 
cerise, maroon, greiuulinc ; new magenta ; tlie various brands of imdhyl violet, 
brilliant green (elliyl green, iliamond green, »S;c.), malachite green (solid 
green); auramine, safranine, rliodamine, rliodulitie, vesuvine (Manehester 
brown, Bismarck brown, *kv.), Victoria blue, methyl cue 1)1 ue, methylene vkilel, 
methylene green, iS:e. 

Basic colouring mailers are mostly very sparingly soluble even in })ure 
water. Water containing ealeimn earbonale or magnesia <ieeoin])oses most 
colouring matters, insoluble resinous colour ))ases being produced. There¬ 
fore water of coiulensalion, free from lime, and at a temperature of about 

to 80° I'., is mostly ust'd, the quantity re(juired being ‘JOO to ‘J.'iO times 
that of tile colouring matter. If ru) water of eondensalion isat disposal, the 
colouring matters are treated with about a fivefold ijuantity of acetic acid 
of 8° B. strength (according to tlie instructions issued by the Iblehst 
Farhwerke, late Meister Lucius und Briining), hot water at TO' to 80° C. 
being afterwards added by degrees. Another very suitable j)raetiee is to mix 
the colouring matters with a twofold quantity of anhydrous glycerine ami a 
fourfold quantity of alcohol on the water-hall), the whole being ihen dissolved 
in hot water. 

The most important methods of precipitating basic colours may be 
classified as follows: 

a. Precipitation with tannic acid. 

b. „ „ soap or Turkey red oil. 

c. ,, „ resin. 

d. „ „ casein or albumen. 

e. „ „ sodium phosphate, arsenic, or sodium silicate 
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Particulars of the chief carriers and colours will he given in describing 
the precipitation methods, to facilitate comprehension of tliis somewhat 
comjdicated suhjocl by the reader. 

a. Precipitation by Tannic Acid 

Tannic acid, + llic properties and manufacture of which 

have been dc.Hcribed on p. .T!7, is sold in various kinds and (pialities, 
a<‘cording to the uses for which it is intended. 'I'he better kinds are obtain 
able as a loose, pale yellowish powder, the purest form being the nearly 
colourless Hake lannin—lhe only (piality suitable for maiuifacluring lakes. 

The alkaline s(>liilions of tannin easily absorb oxygen from the air ami 
darken in colour; aqueous solutions sotni grow mouldy. In the dry state also 
tannic acid is liable t<i change when exposed to the air, and nmsl iltcreforc be 
kc[)l in liglitiv <dos<'d hollies. Tannin is a monobasic a<'id, and completely, 
in spitt; of its sligbllv aeid properties, decomposes many <arbonates, 
es])eeiallv alkali carbonate (soda), When boiled with dilulc aeids it is c(m- 
verled into gallie aeid, and eoinersely is obtained from the latter by the 
aid (»f oxychloride of pbospborus, water being lorined: 

+ ir,(). 

(iallic ai'iil Taiiiiiii 

'I’aiinin is therefore Ibe aidiydride of gallic acid digallic acid. 

'Phe acti»m ot tannic acid in the maniii'a<-tnre <d' lakes is based upon its 
j)roperlv of forming with colour bases lannales, llial are nearly <n' (piili^ 
insoluble in water. 'I’lu'se tannates are ]>re('ipilaled in sneli a line slate of 
division that tln-v cover the single parlieles of the base eonipleteiy. Tlie 
resnUing niecbanieal mixture appears, therelore, as a unitormly <‘<tloure(l pig¬ 
ment. i'lie nature of tl)i‘ carrier also plays an important part—as with all lake 
j)ignu‘nls - since, apart from their inllucnec on I lie more or less brilliant shade 
of the resulting lake, tlie various carriers eonsiilerahly influene< tlie |)reei{)i- 
tiition of the colouring matter. ('onse<piently llie ijuaiitity ot tannin used 
for pia'eipilalion varies also according to the nature ot the carrier. 

Tannin is seldom used alone as a precipitant, the resulting precipitates 
being rather dull atid of little <»r mi value. The same ap[)lies to lakes pr<r- 
ei|)italcd with sodium stannate. I he full eilcct ot lanniji as u precipitant is 
only ot)taincii when tartar i inctie * is used at the same lime. 

The most simple method of j)reei})ilaliun is as follows : I he carrier is 
first mixed with water, the solution o( colouring matter being added and, 
with constant stirring, prceipitaled by the requisite (pianlity of tannie aeid 
dissolved in water. It siliceous materials like china clay, green earth, 
oclire, diatomaceous earlli, ^c., jiarllv or entirely constitnle the carrier, 
a eorresponding (pianlity of the solution ot colouring matter will be 
absorbed witlioul any prcci})itating agent, and only the more or less 
considerable surplus has to be precipitated, tlie recpiisite (piiintily of the 
jirecipilating medium de}ien(ling on the quantity of the said ingredients 
in the carrier. With inert carriers like barytes, artifieial liarytes, lead 
sulphate, lilhopone, vS;e. (aeeoiding to the iiatine of the colouring mutter 

* Or aiiliuiouy lactate or bilaclaie. See remark on p. 200. [Thanslatou.] 
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chosen), some colouring matters can !>e precijatatid !»y laiinic acid alone, 
but in niDst eases an adilition oi‘ so<lium acetate, soda, or tartar emetic, 
which saturate tlie acidity of the eoUmrin*' matter (liberated by the tannic 
acid), will l)c neci’ssarv. It is advisable to um- tartar (Muetie for another 
reason: the resulting' lakes are fasl<“r to alcohol, which readily and eoni- 
pletely dissolves ail basic enal-lar i-o!t)urs. lienee the tannic acid and 
tartar emetic method is specially reeoimueiided tor all lithographic, print¬ 
in'; ink and \ai'nisl>al)lt' lakes. Tijc latter propcj ly, however, is p(»ssessed 
by only a lew l)asie lake piumeuls, and <'\en ii*>l always entirely. 

Tannic acid is not always an <‘nlirelv sinl;il)le preeipilatiii;;- ajieid for 
lakes fn)m all basic coal-tar eohuiis witii i( :i;.ard biii;htness and brilliancy', 
simie of tin- lakes beiin; deficient in colour, did), or e\eu completely dis- 
Cidoured, i ''p<‘eiallv llnse from the \iolel and blue basic coal tar colours, 
rile nndhod i-'. Iiowcmt. I he more iui|)orlant in t Im‘ nianufa< t tire o( 
and red basic !aki;s, which (•aiinol he ohlaincd in sut h brilliant, ))urc shailcs 
bv an\' othiT process. Tlu- eiiici colonrini;' malleis used ibr this purpose 
are brilliant and mahu-hiU' i;i'ecn, I lie various brands of iuaj;enta, also cerise, 
maroon, j;renadine, rhoduline, \e. 

(>. Precipitation with Soap or Turkey Red Oil 

I’his melluid is bast'd on the donhle reaelion of eohmr bases wilh oleic, 
stearic, and pahnitie acids to form corresponding insoluble salts, which are 
ino.stly ver\' brijiiit in shade, and, in eonsetpienee of their (im,; division, 
envei»i|i carriers like the lannates. 'I'lie ehaiaeter «)f the stiap and the 
saponiliabilily ef the (tils used tor precipitating purposes are the principal 
factors delermininiLi' successful results. Tlx' soap must not contain any free 
alkali, which always causes a considerable loss of eolourini; matter or uil- 
fa\’ourabiy eban<;es the shade, and titereforr Marseilles soap is pieferreil, 
the usual proportions beiii;; e<jual (piantilies of soap and eoltuirin^ matter. 
Tor tliis juirptise. the carrier i^ lirst mixed wilh wali-r, the solution ol'llic 
ctdourinj; matter luting- added afterwariL. The soap, dissolved in warm 
water, is then stirred in vt'ry slowly, the sut'cess <if tint result being 
usually facilitated by lioiliiig, Tiiis method is i specially used for precipitat¬ 
ing violet and blue, rarely red. basic coal tar colours. Isoap is very oilen 
replaced bv Turkey red oil, wliieh is diluted with ten volumes of water, 
and added to tin* mixture of earlier and coloining matter, llie precipita¬ 
tion is usually eomjilelc, and if not can be madi' so by small additions of 
tannie aciil, zine or tin salts, l iie l.itter treatment is applied when vitry 
liright lakes are desired i v., large (juanlities of colouring matters and oil 
are being workial. To avoid excessive greasiness of the dry lakes in such 
eases the (juanlity of Turkey red oil is restricted to that necessary for pre¬ 
cipitation, and the remainder is repla<'ed by a suitalile quantity of llic liodies 
mentioned. 

c. Precipitation by Aid of Resin Soap 

Though all basic coal-tar colours form very bright lakes* witli resin soap, 
and though this method is a very convi nient and reliable one, it is only 

* This species of lake can, in general, lat . asily r('C()Kniseil by the i-xiiei ienccd colour 
luati ou account of llu; i>ccijliar hrillinney and warm hue. I'J'JiANSI.ATmi.J 
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seldom used, the lakes having many detrimental properties #vhieh prevent, 
their extended application, more especially the ready solubility in alcohol 
and a disagreeable tendency to froth when being used for making wall- and 
fancy papers. Sonic of tliesc lakes also “ bleed ” when mixed with size, 
and stain through the pajicr on which they are printed—faults which 
exclude their use for many purposes. Pure resin lakes are therefore 
rarely manufactured, but the metliod is combined with others, which 
minimise the defects just alluded to, if they do not entirely cure 
them. 

The colouring matter, mixed with an alkaline solution of resin, is pre¬ 
cipitated by salts of zine or alumina, or both together, aAesin soap being 
formed. It is doulilfiil whetlier the reaction is one of precipitation, or 
merely an absorplnm of tlie eohniring matter by the resin soap produced 
in an insoinbie form by the said salts. 'I'liere is, however, a good deal of 
evidence in favour <d’ the latter liyjiothesis. 

To produce Uie alkaline solution of resin, powjlered light colophony is 
treated with a moderately strong solution of soda or dilute caustic soda at 
boiling heat, until the resin is entirely dissolved, (icneraily 1 jiart of 
calcined soda is taken to 1 parts of j>ure colophony, and the solution is best 
prejmred in a copper vessel over a fire. The following proportions of raw 
materials ami water may be recommended : 

2 ewt. colophony, licst brand. 2 cwt. colophony. 

i cwt. calcined soda. j cwt. calcined soda. 

M- galls, water. IdJ galls, caustic soda(foiir^pes 

.standard strength), 1 lOgulls. 
water. 

The <|uanLity of alkali depends entirely on the (juality of the colofdiony, 
the above tigurcs being therefore sidijcct to alterati»ni. I'or (ibvions reasons 
any con.siderable excels of alkali must he avoided, ami theia-fore caustic soda 
is not specially suitable. This .solution of resin must be diluted with water 
in suitable proportion.s, according to the nature of the colouring matter to be 
precipitated. 

After the material to be coloured is mixed with water the .solution of the 
colouring matter is added, lbll<>wed liy the resin solution, which is slojirly 
and well stirred in, and the whole is then heated to boiling. Some eoloiir- 
ing matters will he precipitated at once, whilst others remain quite inert. 
Complete precipitation i.s effected by a solution of.zinc sulphate or alum, or 
both together, but usuaily^ it only takes place in a satisfactory manner 
when the mass is hecomiiig (juite cold. Continued stirring i.s essential, 
especially if alum is used partly or wholly in tlic precipitating medium, as 
this snhstaiiee generally causes a most inconvcwiient degree of frothing, if 
iiisufHeiently .stirred tlie precipitate very often separates from tlie carrier, or 
—when the heating was not sufficient or has been stopped too soon—the 
resin falls down as a sticky mass. 

'i’he chief carriers are especially alumina, artificial barytes, wliite and 
coloured clays, seldom barytes or gypsum. The lakes from resin soap are 
used for wall- and fancy paper making, but only matt varieties, as they will 
not stand calemlering, 'I'he best lakes of tWs kind, the so-called resinate 
tales, obtained from auramine, rhodamine, magenta, and patent blue P. 
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d. Precipitation with Casein or Aibumen 

This inetluMl of jiroducin" lakes js the least investi^oileil ami applied, 
though, according to reports in the technical press, it furnishes lakes that 
are both very bright and peeuliarlv fast to water. For this ptupose a cold, 
ainmoniacal solution of casein is mixed with the dissolv<‘<l e<d<uiring matter 
(albumen being used as a very dilute atpieous solution', tlie carrier is incor¬ 
porated with this mixture, and is afterwards precipitated completely i>y slowly 
heating to to <)()' the precipitating medium coagulating. According to 
Dr. C. O. Wehef {Fiirlm-.dinu^), when a s<)lnti<ui of patent t)lue V is treated 
with a soliititm of egg albmnen it is found that even witii a great excess 
the colouring m.ittcr is not precijul.ated completely. However, <m adding a 
few drops of acetic acid to the mixture llie brightly ctiioured .ilbmnen lake 
of patent blue is completely preeij)il.iled if the mixture be liealed to SO” to 
90 ” C. To preci})ilate brilliant green by this method, 10 grms. of cggallMimen 
are <lissulv«al in w.iter, the solution is filtered, ma<le up U» 1000 e.e., a»id 
mixed with the carrier. A solution of 0 o grni. brilliant green, 5 e.e. of acetic 
acid (80 per cent.), and grms. of sodium .leelate (in 100 e.e. of water) are 
then added. On heating the originally clear mixture t«> Sb" C. the colour 
gradually becomes turbid, and finally, by prolonged healing, a vi ry briglit 
green lake settles down in the form of co.arse H.akes, 

The other b.asic colouring matters exhibit the same behaviour, though 
the l^^htness and completeness of precipitation differ, of course, with the 
various colouring matters. 

Moreover, the above metiiod of manuficluringalbmucn lakes isapjdieabic 
to ail basic and acid coal-tar colours, as also all basic sulplione colours, the 
azo colours and nitro-sulphone colours. This fact, whieli is important to the 
colour-manufacturing industry, merits closer investig.ation, esjieeially since 
the lakes arc very fast to light. 

These groups of coal-tar colours beliavc in the same manner toward a 
solution of ea.sein, obtained by dissolving 10 parts of e.isein in 100 parts of 
water, followed by digestion witli I to 1*.> parts of ammonia at l-O" ('. Here 
also, however, the precipitation must be completed by the ai<l of variable 
qiUntities of solution of stannic ch1<n*i<!e. These lakes will mostly stand 
water, the only essential feature being a suitable .aiul possibly neutral solu¬ 
tion of casein. Only just as much of the stannic chloride solution is ad<ted 
as is needed to precipitate the colouring matter. Any other acid salts, such 
as aluminium chloride, stannic acetate, aluminium acetate, (kv., can he used 
in the place of the tin salt mentioned. Tlu* method is of special importance 
for manufacturing lakes from rhodamine and cosine colouring matters, which 
are in this special case noti^oisonous. 


e. Precipitation with Sodium Phosphate, Arsenic, or Sodium Silicate 

These niethotls of precipitation liave a]rea<ly been fully described ori"^' 
pp. and 48f). They are chierty confined to the manufacture of violet 
lakes from methyl violet, sod^ura phosphate being the best jirecipitating agent 
for this pur]x>se. 'J'he method is hasi-d more )>arti<'ularly on the formation of 
double conijiounds of aluminium })hos])hate and phosphates of tlie colouring 
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matters, and therefore the carrier must chiefly consist ofalumiiiium hydroxide. 
I'he sodium ])hosphate am! arsenic precipitations are mostly incomjdete, 
thouj^li considerably improved by continual .stirring, or by standing for a 
certain time. Silicates,* csj»ccially sodium silicate, potassium bichromate or 
neutral clironiale arc sometimes employed in making lakes from basic 
coal-tar colours, but these mctlu)ds are of sjuall technical imjjortance. 

In cojrsi (juciicc of their clicmical nature, the l>asi<‘ coal-tar colours have 
the pr<>pcrty of forming insoluble compounds witli acid colouring matters — 

of precipitating these later. 'I'his properly is sometimes utilised if the 
colouring matters to be prccjpitat<'d arc not of directly opposite tints, but 
fust lakes <d' this kind are very difficult to prepare, and when obtained 
by tins lueLliod of precipitation are generally not at all fast. I'or this 
reas<in «mly a few of these combinations have survived, (ui account of 
especial brightness characteristic ti)ne. I’iOsinc colouring inalt<*i‘s and 
magenta (nibinc) or rhodaminc, a/o orange brands and scarlet with magenta, 
brilliant green and m«.‘thvl violet (maroon, and leatlier lake), and yellow 
acid ('(flouring matters with methylene l>lue or methylene violet (olive- 
green lakes) are ehicHy used for this purpose. 'I'liese lakes will be described 
more fully when dealing with the combined lakes. 

IV. Colouring Matters Precipitated Direct by Siliceous Materials 

riu^ capacity of many native siliceous minerals and earths green earth, 
bole, china clay, silica earth, ochre, nmher, white and coloured clay, (\:e.— 
tor ahsorbing certain (|uaiitities of coal-tar colours without any precipitating 
media is largely utilised in modei ii c(»lour niakitig for mariiifacturingordinary 
painter’s colours, especially for lime washes. The l)asie coal-tar colours 
give the best results with regard to the tone and fastness of the lakes. 
The eoloiiriiig matters most used are ouranum', clin/xo/diiic, rcxiirini', nui^cula 
{irris-c, ^iriittdi//<‘, nn/romt), mithh'hiU' i'lrc/i, hril/iai/l ^reen, niL'Ilti// violet, J'icioria 
blue, mvlInilvNc hlitv. xaframin', rliodiiiniiiv, applied alone or suitably mixed. 

When the said earthy minerals are levigated in contact with the .solutions 
of these coal tar ciflouis, the latter are gener.ally absoi bed immediately, and 
fixed so strongly as to resist even the most powerful alkalies. I'his absorj*- 
tion forms the basis of the .ipplieation of’tluse lakes as lime colours,” The 
silica in the carriers is believed loli.x tlie colours in eonsecjucnee of the forma¬ 
tion of iiisoluhle silicjiles and double silicates. The accuracy of this opinion 
is proved by the variable eonibiniug power of one and the same material 
for different colouring matters, or, coiiversely, of one and tiic same colouring 
matter toward the different e;uriers, according to their content of silica. 
'Thus a certain kind and (juantity of green earth will not take up the .same 
quantity of auramine and brilliant green as it does of magenta, methylene 
blue, methyl violet, ^:c.t 

The metliod is practised in a most simple way. 1'he carrier is mixed with 

* Or siliesUcs luul oeif.-iiii vegrlublt.' e.vlriK'Is— e.i/., iiucreiti-on exfnicf, kc. 
[TUANSt,ATOU.j 

t It may If iiieiitiomd that tlu' vjirimis e((l(iuring uiaUcrs are not liouitil on tlm same 
nuucrial.'s with the sann! strength, tireeii colunriiig iimtlers, for instance, iiroiliiec faster 
luki^s with the satnc raw nuitcriais tliau rcil ones ; tin; elniuical hiuding, therefore, muet 
be stronger than w ith red colouring matters. ['rilANSLATOK.] 
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water, and the solution of colourinjif matter is ad<ied, with continual stirring, 
until tlu! desired shade and intensity arr tdjtained. The niannCaetuve of 
tlicse mostly very oheaj) “ Ihne colours ’ heiuif only prolitable vvlien workeil 
<m a large scale, plants of corresponding size are re<|uired. The h-vigation of 
clayey carriers, which are diflieult to work, is ellected in large shallow sipjare 
tanks let into the ground, the powden-d materials being treated witli water 
and worked with iron cruleln s until a I'airly still’ pasl«* isolitained. On adding 
the solution of eolouring ma{(<‘r tlu- mass usually swells up (amsiderably, and 
is dillieult to work in the manner absolut<dy necessary to ensure equal 
division of the colouring mailer, so that in many eases an addition of 
large (juantilies of water becomes indis)»ens;d)le. Kx<‘essive dilution of the 
colour paste must, however, l)e av<»ided, and, owing to the great trouble 
and expense of filtering and pressing, the ina-.s nuist be kepi of such a 
corisisteney that it can be shovelled out of tl}e tank and (H\ to the drying 
boards without lamning. Drying is performed in the open air or of sheds 
ju’oteeted fnnn the rain, the dry mass being afterwards ground in (ulge- 
runners or suitalde mills. 

The fixation of tlu* eolouring matter is mostly complete at the ordinary 
temperature, though f<»r producing finer and dearer lime cdIoui’s beat can be 
advantageously applied and the mass kept more dilute,this treatment facili¬ 
tating complete fixation and giv ing brighter lakes. A go»>d <lcal depends 
on the rtature of the carrier, heating l>eing inadvisable when it <‘onUins 
caleinm or magnesium carbonates in addition to silicates, since in such ease, 
the colour bases may be partly llu'own down in a more or l<*ss uncolourcd 
state, so that a loss of colouring principle is incm’re<l. This resnlt (‘an, how¬ 
ever, be )>artly or entirely counteracted by the addition of a suitable (pianlity 
of sulphuric, hydroehhirie, or acetic acid. 

The Combined Lake Pigments 

before discussing other matters of precipitation it will he advisai)Ie to 
ac(juaint the reader with the most important combinations obtainable by 
the methods already desCTibed. Though the subject is too broad to be 
treated thoroughly, a few typical examples may be given, wliieb, if properly 
arranged and explained, will facilitate, indeja-ndent experiment. 

The combined lakes(w/ar(/ /«/v’.v)can be classified into two principal groups : 

a. Lakes obtained by the joint or separate precij)itati<m of colouring 
materials of identical, or nearly identical, chemical nature, but of various 
shades— e.g., .scnilel lakes from variously shaded orange and scarlet colouring 
materials; geraniuw lakes from various cosines, phl(*xines, ros(; ilengale, A'C. ; 
magenta lakes from rhodainiiie, magenta, violets ; ifellotr lakes from variou.sly 
shaded yellow to orange and pure red aeid colours, «Scc. Tin* lakes of this 
group may be called simple eomhiued lakes. 

h. I..akes obtained by the joint or separate precipitation of colouring 
matters of quite different chemical nature and shad(!.s, tlui resulting lakes 
posse.ssing other properties and ipiite a different shade. To this class belong 
maraon lakes from scarlets, magenta and methyl violet; green lakes from yellow 
and green, yellow and blue or violet colouring matters (olive or reseda green); 
the various lakes from scarlet, ))hloxine, blue, violet, &c., colouring matters, 
which belong to the red as well as to the (reddish) violeLlakes; leather lakes 
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from scarlet, brilliant or malachite j[freen and diamond black, as also from 
yellow and blue cobMjrin}; matters, A-c, The lakes belonging to this group 
may be called mired conihined lakes, being always more or less a mixture 
of the shades of the colouring matters used. 

a. Simple Combined Lakes 

To this class belong especially the yellow, orange, bright red, blue, and 
violet lakes, and a few green ones (viridin lakes) of varying brightness and 
blui.sh tone. 

On account of the relative small number of yellow coal tar colours 
known, it is impossible to manufacture a great variety of yellow combined 
lakes. Most of these colouring matters, like (juinolin yellow, naplithol 
yellow, am yellow, paper yellow, astaeine yellow, \c., are acid C(»lours, whilst 
of tim basic class aurainiiie alone is of iniportaTice for lake-making. Conse- 
(pnaitly a suitable cfunbiuatioti of the barium chloride method with a method 
adapted to basic colours is th(‘ only process to be used. Auramine has a 
pure canary <u*, when strongly dilulcd, a lemon shade; qiiinolitj yellow is 
pale lemon, na))hlhalcne yellow a hiightgolden .shade,a/,o yellow a marigold 
tint, while paper yellow has a brown tinge, and astaeine yellow is of a 
greenish-olive shade. These different shades form really the whole scale of 
yellows, and therefore the combinations of these colouring matters are 
limited. 'I'he considerable brightness of the auramine lakes- auramine has 
a very high colouring power— and their coi^sitlerahle fastness to alkaline and 
slightly acid salts enables lighter shades to he obtained by the addition of 
auramine to yelh)w acid colours 'I’liese lakes, however, are less used as 
true yellow lakes than fur manufacturing the green conihined lakes that 
will he (loscrihcd lal<‘r on, liccause the addition of a green or blue colouring 
matter to the original lake increases the elfect of auramine, as well as of the 
darker yellow acid colours. 

In the manufactiire of these lakes the barium lake of the acid colouring 
matter in (pieslion must first he made, and washed once or twice (according 
to its nature), the solution of auramine being afterwards added. Auramine 
i.s sometimes fixed in a small (juantity by acid colouring matters without 
any precipitating medium, hut when using larger (piantitics of colouring 
matter it must he fixed with tannin and tartar emetic, or a solution of 
resin and zinc salts or alum. If, as is .sometimes the case, an orange or red 
azo colour is intended to be introduced into the lake, it must be preeipitiited, 
as a barium lake, conjointly with the yellow acid colour. 

1’hc various grou])S of .simple red combined /r/^c.v - orange, scarlet, gera¬ 
nium lakes, vermilioneltes, and lakes from the so-called insoluble pigment 
colouring matters -have already been de.serihcd, so that all that is nece.ssury 
here is to indicate how the various methods of precipitation can best be . 
combined in ])ractiee to furnish new lakes having the most important 
properties belonging to both groups. Experience shows the following 
combinations to be of practical interest: 

1. Combined precipitation of orange and red azo colours with resorcin 
colours, with a suitable adjustment of tlie carriers and quantities used in 
Iwtb methods. This combination produces lakes approximating in pro¬ 
perties to geranium hdtes. 
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2, Lakes from resorcin colours or from re<l azo colours or mixtures of 
both are combined with insoluble pigment colouring inattci'B. This method 
produces a great variety of lakes with excellent properties, and therefore 
suitable for various purposes. 

3. Vermilionettes are coinbined with soluble or insoluble azo colours, 
thus acquiring greater fastness to light and alkali, and increased brigldness. 


The number gcraniutH lafccx conihined trifh ir.o colourx is at present vt*ry 
large, and they are nearly all made in the following way : 'I'he azo colouring 
matter used is first precipitated mi l.<i a suitable carriiu’, the lake repeatedly 
washed, and the solution of resorcin colour afterwards added, and precipitated 
by lead nitrate or lead acetate In I he usual way. The colouring matter is 
mostly precipitated cmuplelely, the top liijiior bcitig llieiadbre (piite colour¬ 
less, a result probably due to llie mutual prccipitalion of the a/,o ami resorcin 
colours. Nearly all red azo colours, from tlie lightest orange to Ihe darkest 
scarlet, can lie introduced into geranium lakes; the extensive seale of 
botli the reson'in and azo colours enables dark brands of azo ciilours to be 
combined with yellowish resorcin colours, and convcr.scly yellowish azo 
colours w'ith dark resorcin colours, in wiilely varying piatpovUons, ilms pro¬ 
ducing a large number <if variously shaded geranium lakes with divergent 
properties. Tlwse lakes have many advantages: when ground in oil they 
retain tlieir full briglit tone, and do not “ bronze,” viz., ilo not exhibit the 
metallic lustre generally observed on paintings or prints exccntial with pure 
bright geranium lakes. Jly careful working and the use of suita)»le propor¬ 
tions of azo and resorcin colours this defect can be entirely avoided, and suit¬ 
ability for ealemicM'ing greatly improved. These lakes will also stand varnishing 
to a degree varying with the nature of the colouring inaKcvs used. 

Insoluble az(j colours can be combined in a similar way with rcsoreiii 
colours or red .soluble azo colours, or with both together. Tlie earrier i.s 
first tborouglily mixed with the colouring matter in paste, and the soluble- 
azo colour is afterwards precipitated on the mixture liy means of barium 
chloride. The lake is washed and the dissolved resorcin colour is added, 
which, if not already fixed without any jirecijiitant, is precipitated com¬ 
pletely b) lead nitrate or lead acetate. When basic rhodumiiie is used 
instead of a resorcin colour, complete precipitation is generally obtained by 
the aid of a small quantity of tannic acid and tartar emetic, sometimes with 
a solution of resin and a small excess of barium chloriile, when solubleazo 
colours have been used, or with a lead salt wh(?n resorcin colours were 
employed. Sometimes it is more suitable to prepare (lie lakes repeatedly 
from soluble and insoluble azo colours, and to mix them afterwards in a 
pasty state. The resorcin colour is then precipitated on this mixed and 
thoroughly w-ashed lake in the way already described. This method is 
generally used if the pigment colouring matter in question is decomposed 
or considerably changed by the influence of tlic barium chloride needed to 
precipitate the soluble azo colour. Most of the insoluble pigment colouring 
matters noy sold darken considerably under the influence of barium chloride 
’ when precipitated jointly with soluble azo colours, and in such cases give 
especially dull and fugitive shades with spirit varnishes, if they have been 
modified by the presence of a jointly precipitated resin colour. 
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Aimfwt any Insoluble |>i^;ment colouring matter can l)e used for 
the darker l)rands of this ^roup of lakes when iidendod solely for varnish 
c«)lours. 'fhe tones aia^ niodillcd by the aid of li^ht or bluish scarlet and 
resorcin cohmrino matters. Taifht, bright spirit varnish cohnirs, however, 
can be obtained from the li^ht, insoluble piifinenl eolourin;; matters, pi^. 
metit oran^^c, piijment red (i, helio fast I'cd 0. A’c., I)luish resorcin colours 
(cosine all, erythrcisim*, phloxinc, rose llen^ali-), (u* rluxlamine. The choice 
of the carrier depends, of course, on the application of tlie lake, it being 
seldom that the same carrier can be used In lakes for diUVrent purposes,c.g., 
as a painter’s colour and spirit varnish pigment, sinee a lake whi<-h will act 
very well for one of these pur]>oses is gen<“rally unfit for the other. 

I’or cumbiued vcnnilionrf/cx from solul)le and insoiid)le azo colours tlie re* 
marks already ])assed on the subject of joint precipitation of these colouring 
matters will geiierallv apply. I'he method is also the same, except lliat the 
choice of carriers is limited (red lea<l, barytes, lead snlpliat<‘, I've.). Accord¬ 
ing to their use for paiTiling, the treatment is simj)ler. On account of the 
generallv bright red tone of vermilionettes, tlu- light red pigment colouring 
matters, like real for hikes P, liihol red U, pigmimt red O, helio fast red (r, 
helio purpurin iillL and .)ML, even pigment red 11, can alone be used, the 
difference in their heliaviour toward yeilowisli and liluisli resorcin colours 
furnishing a very extensive scale of tones. If the red |>igineiit colouring 
matters arc darker than thosi^ mentioned, the tones furnished witli cosines 
will be duller, and, especially in the dry state, of a l)rownish east, though 
le.ss ajiparent when mixed with varnish. 

'riic ma^ciilu lakv.s, now largely used for juintiiig purposes, are combined 
in a variety of ways, not always siiitahly so with regard to fastness. 'I'he 
best combinations are eerlainlv lliose from inagenla{m w magenta, rnbin N, 
cerise, maroon, tS;e.) .and safranine, with jihloxine, rose Jlengale and (reddish) 
violet acid colours, which not mdy modify the jiecnliar bluish tone of the 
magenta precipitate to an agreeable reddish tone on a white carrier, but 
are also (piile as fast as magenta. I’liese lakes are generally mamifaetured 
as follows : Phloxinc or rose Jlengale is precipitated on the carrier (alumina, 
artificial liaryles, lead sulphate) by lead salts, or fast acid violet by barium 
chloride, the solution of magenta being afterwards added and precipitated 
by tannic acid and cream of tartar, solution of resin and zinc salt or alum, 
or ineridy by Turkey red oil. Sometimes, and especially in the last two 
named methods, the magenta is precipitated completely when the salts 
used for precipitating resorcin colours and acid violet are in snllicient 
excess. 

The combined precipitation of violet basic coal-tar colours is restricted 
to the adjustment of certain relative proportions of the rcdilisli and bluish 
brands of this group, the foregoing methods being used for precipitating the 
basic colouring matters, (’ombinatlons of basic violet colouring matters and 
magenta on the one hand and resorcin colours on the otlier, or of all three 
together, are occasionally sold, but cannot be recommended. 

Of less value is the combination of the few brands of green acid colouring 
matters for the production of a series of viruiiu-gnrn except by drawing 
on the basic green colouring matters (malachite and brilliant green), which, 
however, preclude the employment of viridin-greeu lakes for purposes in 
which they are expected to be fast to spirit. 
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Ik Mixed Condnned Lakes 

In spite of the very lur^fe number of mixed combined lakes, there are 
really only two principal groups, viz., the reds and greens, which, w-hen cmn- 
bined, produce hroien lakes (leather lakes) and olive-green shades (moss green, 
reseda green, bronze green, <Scc.). The extensive scale of tones from 

Dark bluish red through brown-red (maroon lakes). 
Greenish-brown (bronze brown, bronze green). 

Dark brownish green (olive green, moss green), 

Light brownish green (leather lakes), 

Light greenish yellow (reseda green), 

to pure yellowish- or bluish-green lakes (viridine, light, night, may, wall paper 
green) explains the great variety of possible combinations obtainable from 
a relatively small number of colouring matters. 'I'he predominant colours 
are the reds and greens, whilst the yellows, blues, and violets are used for 
shading pur])oscs only, fhe great variety, as itieasiired by the eye, is still 
further increased by the large number of the mctln)ds and their combina¬ 
tions, also tlic numerous modifications of the carriers on which the colouring 
matters are fixed, 'fhe attempt now made to fannliarise the render with 
the broad aspect of the subject must not be considered as an exhaustive 
treatment, but merely us an endeavour to afford a basis for independent 
work. 

For the manufacture of all mixed combined lakes, only three initial lakes 
—red, orange, and ifeUow - can be used, these being toned by bluish-red 
(magenta, safranine, ^:c.), violet (methyl violet), blue (methylene blue, helio 
fast blue, ■See.), green (brilliant, malachite, acid, naphthol-grcen, t\:e.), and 
black colouring matters (diamond black). The suitable melliods of precipi¬ 
tation must be combined in accordance with the acid or basic nature of 
these colours. 

'I'he red initial lakes are exclusively made from red azo colours—scarlet,scar¬ 
let for lakes, brilliant scarlet, j)alatine scarlet, excelsior scarlet for lakes, kc .— 
by the barium chloride metliod. The yellowish brands of these colouring 
matters are preferably used, and, if necessary, combined with nzo orange to 
produce certain brownish mixed lakes. Owing to the nature ()f red azo¬ 
colour lakes, the only way toprotluce mixed combined lakes containing them 
as an initial lake is by conibining the barium diloride and the tannic acid 
methods. J’he alkaline materials (resin soap, 'I’urkey red ()il) used in the 
other methods of producing lakes from basic coal-tar colours would dissolve 
the azo-colour lake. 

The most important mixed eomhined lakes with an initial lake from red 
azo colours are the already mentioned maroon lakes, and, secondly, the 
brown and olive-green combined lakes. Maroon lakes are always (»btained 
when a lake from red azo colours is toned with magenta, safranine, or their 
by-products—cerise, maroon, &c. The tone is browner in proportion as a 
more yellowish initial lake has been used, which explains the fretpient use of 
orange colouring matters for this purpose. 

The simplest and most generally used method has been rej)eatedly 
described. 'I'he azo red lake is prepared, washed, and separated frr)m the top 

2k 
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liquor^ the solution of magenta being then added and the colouring matter 
precipitated by tannic acid and tartar emetic, a corresponding quantity of 
methyl violet or diamond black being added if bluish tones are desired. 
For dark brownish shades use is made of brilliant or malachite green, with' 
or without diamond black in addition to the magenta. By increasing the 
quantity of green or black colouring matters, or of both together, more 
brownish shades are produced, until, by omitting the magenta entirely, 
p?ire brown ink’s (leather lakes) are obtained, olive-green and bronze-green 
combined lakes being produced by the aid of considerable quantities of 
green colouring matters. 

If pure azo orange colouring matters are used to inunufacture the initial 
lake, an addition of pure dark blue and dark greenish blue colouring materials, 
such as methylene blue, helio fast blue, itc., to the above-named red, green, 
violet, and black basic coal bir colours will furnish a great variety of shades,' 
capable of supplementing the scale of the aforesaid lakes, according to the 
degree of brightness aiul shade. In view of this possibility of producing 
combined lakes of these groups from colouring matters of different chemical 
nature, the expert must see that he selects those distinguished by special 
properties, such Jis fastness to light, spirit, and alkali. 

Most of the green combined lakes formed by toning a yellow inilial 
lake y/ith green and blue basic coal-tar colours arc produced in a similar 
manner, the shade being chieffy iuHueneed by the varying cbemical j)ro- 
perties of the yellow colouring matters used for the initial lake, and by the 
different methods of precipitation. The circumstance that acid as well as 
basic, and even yellow colouring matters, such as Havine, Persian berries, 
quercitron, &c., are suitable for making the yellow initial lake necessitates a 
corre.sjwnding change in the method of production, besides being the cause 
of the different behaviour of these lakes towards the ?iaid green and basic or 
acid coal-tar colours (acid green, naphtliol green, t*vc.). Hence, in making 
certain of these mixed combined lakes at least four quite dilVerent metliods 
can be applied. 

a. .Joint precipitation of yellow and green or blue acid colouring mattere 
by the barium chloride method. 

b. Joint precipitation of yellow, green, and blue basic colouring matters 
by any of the methods used for these cohmring matters. 

c. C'mulanatioii of a and b. 'I'lie yellow initial lake is made from yellow 
acid colouring matters by the barium chloride method, and basic blue or acid 
green colouring matters are j)recipitated by taimie acid and tartar emetic. 

d. Preparation of the yellow inilial lake by precipitating yellow vegetable 
colouring matters (flavine, (piereitron, Persian berries, ^:c.) on a white carrier 
by the aid of soda and nluininium salts, the basic green and blue colouring, 
matters being tlien preci])ilated by mctlxKl c. 

The combined viridin green lakes are nearly exclusively made by the method 
a, as are also certain mixed lakes from yellow acid colouring matters and 
naphthol grmi, the shades of which can be easily modifled in any deslfed- 
way by a suitable (juantity of quinolin yellow ornaphthol yellow. On fie-- 
placing the latter by tlie reddish azo yellow, the brown-tinged yellow acid' 
colours, like pluto orange, paper yellow, or the greenish astacin yellow,./ 
various shades of olive-green lakes are produced, whicli are very fast to Ug.h^' 
especiaMy when combined with iiaphthol green. By addition of indigo-bltiey 
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acW colouring matters these lakes can be obtained in darker and richer 
shades. 

The method b is of special importance in the manufacture of the so* 
called solid greens, panvl greens, Ac., containing siliceous materials like green 
earth, white earth, bole, Ac., as a carrier. The formatiem and tones ot 
these pigments are bn.sed on the joint absorption of auraminc anil lirilliunt 
or malachite green by the said carrier. Another group of partly very bright 
green lakes is obtained by the joint precipitation of auruniine and Patent blue 
or of green basic coal tar colours by resin soaps on a white carrier like barytes, 
artificial barytes, zinc white, china clay, Ac. These lakes are, however, ol 
less importance, oi\ account of their imperfect fastness. 

The method c —viz., combination of the barium chloride and tannic acid 
methods—gives lakes of considerable importance, and of all shades from the 
brightest emerald green lint to the deepest reseda and moss gretuj. The 
considerable difterence between the shades is based on the variously toned 
initial yellow lakes as well as on the great variety of po.ssible eouibinations. 
In fact, the initml lake c.in be oouibiiRMi with green, blue, and violet, as well 
as with red and brown, or even black, basic coal-tar colours, thus producing 
a most extensive scale of tones. 

The true green lakes of this group are formed by covering the barium lake 
from quinolin yellow (see p. 491) with brilliant or inalachile green, these 
colouring matters being precipitated almost completely l)y tannic acid and 
tartar emetic. Since quinolin yellow can also be precipitated by barium 
chloride in any desired proj)ortion, we have a very favourable conjunction of 
circumstances for the production of very bright green lakes, suitable for 
various pur|>oses. 'I'hc harium lake from quinolin yellow, however, must 
always be washed before the solutions of green colouring matters are added, 
though a I0.S.S of quinolin yellow, which readily dissolves in water, be incurred. 
The lakes of this group to be sold in powder or lumps must be very carefully 
dried at a low temperature ('Zii' to C,). 

If quinolin yellow be replaced by the reddish-linged nuphthol yellow, the , 
same method will furnish a group of very suitable and popular lakes, w Inch, 
though not so bright as the quinolin yellow lakes, are nevertheless satisfactory 
in this respect. VVhile the lakes from quinolin yellow combined with pure 
blue, reddish-blue, or violet coal-tar colours, on account of the sulphur shade 
of quinolin yellow, are mostly dull, and therefore of not much value, the 
basic coal-tar colours mentioned give, combined with na])hthol yellow, soft 
lakes of an agreeable olive-green shade, tiere again the barium lake from 
naphthol yellow must be washed repeatedly before the solutions of basic coal- 
tar colours are added. The resulting combined hikes must also he carefully ; 
dried at a low temperature. 

According as theaforesaidyellow acid coloursare replaceil by more reddish, 
brownish, or greenish colours, like azo yellow, pluto orange, |>aper yellow, ^ 
astacin yellow, Ac., and if the resulting barium lakes are used alone or com¬ 
bined with green, blue, reddish-blue, or violet colour biises, a number of dif¬ 
ferently coloured lakes can be obtained. In most cases the precipitation of 
the basic colours can be eifected by tartar emetic and tannin. 

Though the green combined lakes obtained from yellow coal-Uir colours 
a>c now largely used, they have only j)artly displaced the older lakes from 
vegetable colonring waiters, the latter exhibiting a peculiar warmth of 
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tone which cannot be imitated by coal-tar colours. Chief among these 
vegetable colouring matters arc flavine, Persian berries, and in certain cases 
quercitron (extract), the fixation of which on the carrier—alumina, artificial 
barytes, barytes, china clay, whiting, &c.~is effected by a single method, 
based on the capacity of alumina to fix these vegetable colouring matters 
com])letely. In practice a hot solution of aluminium sulpliate or alum is 
treated with a hot solution of soda confining the dissolved colouring matter, 
so long as a precipitate of aluminium hydroxide is formed. The colouring 
matter is nearly always precipitated comj)lcteIy when equivalent quantities of 
alum (or aluminium sulphate) and soda are taken, the yellow vegetable 
colouring matter in this case acting as an indicator. In point of form and 
purity flavitie is the more suitable material, being sold in the dry state (as 
a fine powder), completely soluble in any desired proportion of soda solu¬ 
tion. it is therefore more easily applied than Persian berries or the usually 
thick fluid extract of (luercitrun, and, apart from its greater purity and 
colouring power, it produces much brighter and purer toned yellow lakes. 
CoTiscijuently it is the only vegetable colouring matter now used for making 
pure toneil green lakes, though the price is rather liigh. Persian berries and 
quercitron are exchisivcly used in the manufacture of certain yellow lakes 
(the Sclnilt yellow of the dermans) of a peculiar shade, wliieij cannot be 
obtained by the aid of flavine. 

In order to produce this yellow )>igment, tlie Persian berries are re- 
j>eHtedly extracted witli a lu)t or boiling solution of soda; the extracts are 
collected, and precipitated on barytes, gypsum, cliina clay, tkc., by the aid 
of a solution of aluminium sulphate or alum, with constant stining. Pro¬ 
vided the liquor from the precipitate is kept absolutely neutral, tlie fixation 
of the colouring matter is generally complete. In tlie reaetion of the alumi¬ 
nium sails with soda a dense viscous scum is produced, whicli retanls the 
work. Tlicse yellow lakes are also very difficult to wash, because the fine 
precipitate of alumina settles dowti very slowly, and therefore easily separates 
from the (piickly deposited carrier. 'I’his defect can be easily observed, 
especially in llie washing in the filter press, and for this reason these yellow 
lakes are mostly left unwashed. 

The simpler ijuercitron lakes are generally made l)y the same method. 
Here the extract of Persian berries is replaced by a solution of soda and 
(jiiercitn)!! extract, the same carrier being used. J3elter qualities of lakes 
from (juereitron, particularly those us(;d for wall- and fancy pa|)ers, are made 
by boihng about 1()() j)arts of quercitron extract B.) with 10 per cent, of 
castor oil and a fivefold (piantity of water for a certain time. Aluminium 
sul|>hate (one-fifth of the weight of the (juereitron extract, in a tenfold quan¬ 
tity of water) and one-sixteenth of tin salt are then added, the whole being 
afterwards precipitated by a solution of soda (about one-sixth of tlie weight of 
extract), with continued stirring. 'Hie lake is afterwards boiled again for 
some time, and washed two or three times. Such lakes have a good (covering 
|>ower and are very Inight. 

To manufacture green lakes jireference is given to those from flavine and 
quercitron (more rarely the above-named yellow lakes from coal-tar colours), 
the former (as already mentioned) in making pure green shades, the latter for 
olive greens. I'he method is the same as already described. To obtain pure 
green lakes the w ashed flavine lake is treated with a solution of green 
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basic coal-tar colour—preferably brilliant or malachite green—ami after¬ 
wards precipitated by tannic acid and tartar emetic. Most vegetal)le colouring 
matters have the property of fixing a certain quantity of basic coal-tar colour, 
especially brilliatU and malachite green. Though this fact is partly due to 
the tannic acid content of the vegetable colouring matters, such precipita¬ 
tions are not so fast as the true tannic acid ones, ami theref(Me the green 
colouring matter is always completely precipitated hy adding tannic acid. 

'I'he pure green Havine lakes are largely used for wall- and fancy ])a))er8, 
or as so-called non-|K)isonous greens for toys, ami are sold both in paste and 
as a powder. In the former state tliey always contain artificial harytes as 
a carrier, cheaper kinds containing certain {piantitics of fat while clays or 
gypsum, both of wliich yield bright lakes. The powdered lakes cliiefiy 
contain barytes, gypsum, stmictimes calc s]mr, as a carrier, the defective 
covering power of wijich is improved by an addition of white clay. Cireen 
Havine lakes are easily manufactured ; they are not liable to any change 
during the various processes, the tones are always uniform, the lakes settle 
down easily, filter (juiekly, ami dry well at high or low tcinpevalures. They 
arc easily ground, except when containing an excessive (juantity <»f fat clay. 

On account of the decided rcddisli-yellow tone of (picreilron lakes, they 
can seldom he used for manufacturing pure green shades, being always of a 
more olive green in comparison with flavine lakes. Thisean he observed the 
more clearly the closer tlie shade of llic green colouritjg matter used fiw the 
initial lake approximates to l)lue; and a true olive is obtained when greens are 
replaced hy pure blue colouring matters for combining w ith tlie yellow’ initial 
lake. 'I'he so called /rae leather lakex are obtained in this way by eomhiiiing 
the lake from (piereitron with light blue colouring matters like patent blue, 
alkali blue, ike .; or reseda-, o/hv’-, or mox.s-greeu lahw hy nu'ans of dark 
blues, like Victoria blue, lielio fast blue, methylene blue, ^e. 

'I'he various Intermediate shades between these two grouj»s are formed 
by suitable additions of methyl violet, magenta, Manchester brown (vesuvine), 
and even brilliant black. (Quercitron lake is often mixed with logwo(»d lakes 
(blacks as well as the so-called bronze lakes), to ol)tain a very dark eomhined 
lake, and is afterwards toned with green, blue, or red-violet basic coal-tar 
colours. In this case the colouring matter used for shading is laiely pre¬ 
cipitated hy Unnic acid or other precipitating agents, the qiianlity lieing 
small as a rule, and completely fixed by the quercitron lake. 

'I'he combination of these yellow lakes from Persian berri(;s or <juereitron 
with the basic coloui's mentioned is efi'eeted in exactly the same way Jis 
described ; but these are seldom found on the market. Owing to their rela¬ 
tively low intensity, these yellow lakes are far from being briglil, and are 
sometimes far inferior in other respects to the foregoiiig coml)ined lakes. 
Combined lakes obtained from quereitroii or Persian berries lake, luiwever, 
are very fast to light, which is more than can he said of those from other 
yellow vegetable colouring matters or coal-tar colours. 

r>. Lakes from Adjective Colours 

The most iin|M>rtant rej)resenUtive of this groiij) of colours is a/isnrine red 
(the natural colouring matter of madder root), the artificial pro<hiction of 
which has been already mentioned on p. iTf). Besides this colouring matter, 
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alizariM orm,ge, alizarine hrmm, atizmrine Bordeaux, alkarine ylUm al^ri^. 
blue, acid alizarine blue, caruleine, and gallane are used for making lakes, but 
only lo a small extent in comparison with the true alizarine red. . . „ * 

All the above adjective colours can be worked uji into lakes, which, on 
account of their very good properties—especially the nearly absolute fastness 
to liglit—play a considerable part among the lake pigments from vegetable 

or coal-tar colouring matters. i j 

However much the various methods known or recommended for 
iirecipitating the adjective colours may vary in detail, the precipitation 
lealij consists in the conversion of the colouring 

alkali salt) into an insoluble and characteristically coloured coinbmation of 
the metal oxide used as a precipitating inediuiii and theacu of ‘>'0 
matter This precipitating agent is always alunnnnnn oxide, and is taken 
into combination in its purest form from alum, by the acid ot the colouring 

""*‘TiImrgh the manufacture of alizarine lakes from madder is 

use and of only historical interest, a short description will be given for the 

sake oUompletu^^^^^^^^^^ almost exclusively used in the manufacture of 
,nadd,r /atediiring the second half of the last 

product said to have been first prepared by tu/m and Hobuiml by tica g 
ground madder with strong sulphuric acid. It iormed a mixture ol iWcd 
woody fibre and the whole of the colouring priueiple i>resent m t it ""‘“'m. 
ZuL by the siilphiirie acid. The iiianulacture ol prancinc, which 
was parti/a conniiereial industry and partly practised by colour-makers 
themselvel was based on the fact that the colouring matter “f '"mWer is 
not decomposed by sulphuric acid, and therelore by chan mg tilt woody 
fibre envchiping the colouring principle this latter can be isolated and traiis- 
fornied iiiUiii suitable condition. The ground madder was first put into 
water containing 0 5 to l)-75 per cent, of sulphuric acid, in order to rerao e 
sugar gum, and .soluble organic derivatives, and to decompose any taltium 
salt present. It was then filtered, ami washed till the washings no longer 
exhibited a yellow colour. The purified madder was next partly dned 
bv heavy preLire, and afterwards treated in lead-lined boxes with its own 
woight ilf sulphuric acid (tit)' B.), which completely charred the wo.aly fibre 
in a^few days, the mass looking like charcoal. 1 o remove the sulphuric acid 
this madder charcoal was washed in tanks provided with a 
inent until the washings were no longer acid. Ihe residue on the filter 
constituted garanciiic, which, if properly made, contained twice as much 

colouring matter as the same weight ot ground madder. 

For conversion into alixarine lakes, madder charcoal was then ti-eotoH with 
about eighty volumes of water in wooden tanks, about three^e ghths of ite 
weight of irmi-free alum being added, and the mixture boded by s‘eam for 
sevml hours. After a certain time the charcoal settled to the bottom, ^e 
hot top liquor was passed through a flannel filter, and the residue m the 
tank wOs aUin treated with the same quantities of water and alum. This 
nru«/s will repeated several times, the rest of the charcoal on the filter being 
always united with the residue in the tank. The orange-red filtrates were 
allow-ed to Fool, separately or together, whereupon the colouring 
precipitated in soft, ochreous yellow flakes, which were collected by filtraUo* 
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■and used for manufacturing the hnest brands of madder lakes, while the 
^filtrates were used exclusively in making the less bright pink lakes. 

The colouring principle of madder contained in the alum solution was 
afterwards combined with alumina by converting the alum into that form. 
According as the precipitation was effected with soda, potash, ammonia} tin 
salts, whiting, &c., so the colour and strength of the madder lakes varied. 
Generally the precipitation of the alum was not (]inte complete, l>ut only 
carried so far that the filtrates from the lakes were slightly tinged with red, in 
order to avoid an excess of alkali, which would lower the brightmvss of the 
colour. This, too, also explains why the older brands of madder lakes were 
mostly hard, and occasionally Imd a vitreous fracture. 

Since the discovery of synthetical alizarine this and similar methods of 
manufacturing alizarine lakes have lost their iin|>ortanee, and are now rarely 
practised, even the most distrustful (•ustomers l)cing now convinced of the 
good properties of lakes from artificial alizarine.* 

Tlui methods used at present for manufacturing alizarine lakes not only 
differ very considerably from the older ones, but in consequence of their 
superiority furnish lakes of such briglitticss and intensity as would have 
seemed incredible a few years ago. 'I'be numerous recipes seem to differ 
very slightly, though some are very carefully guarded trade secrets, and 
therefore cannot l)e given here. 

As already mentioned, the prixluction of madder lakes relies on a 
combination of tlie acid of the colouring matter with alumina, precipi¬ 
tated simultaneously with the colouring m.itter in the form of aluminium 
hydroxitle from a solution of alum by an alkali carbonate. In the reaction 
the quantity of aluminium hydroxide is always much greater than is 
necessary to fix the acid, and the surplus therefore serves as a base. 
The precipitation is always effected in the cold; the formation of the 
lake is therefore very imperfect at first, hut as the temperature is raised 
to boiling tlic formation and the intensity of tlu; lake increase. Since the 
combination follows the precipitation, and only at boiling Imat, the method 
is therefore an openition intermediate lurtwcen precipitation and dyeing. 

In addition to the salts necessary to produce almninium hydroxitle, other 
materials, like Turkey red oil, sodium pliosphate, calcium salts, Ike., are 
generally used, their effect being, however, only partly explained by the 
formation of the lake, tliougli it is certain that in their absence the resulting 
lakes are far less bright and intense. Whilst the part played by 'I'urkey red 
oil in this process as a brightening medium can In; explained by its similar 
behaviour in Turkey red dyeing, the effect of pbosplioric acid still remains 
obscure, all that is known being that it forms an integral portion of the lake, 
and that in its absence the lake suffers in brightness. The same applies, but 
in a still higher degree, with regard to the effect of the calcium salts, the 
presence of which in the lakes not only improves the hrightness, but is also 
necessary in the case c»f cerbiin colouring matters of this group if a favour¬ 
able product is to be obtained. 

• 1« sotiu? countries—France, kc.—ti few true muddi-r Iiik<‘s arc still manufactured on a 
-^siiinll scale as tiiiost artist’s colours, and are said to ho hrii;htor. especially in oil. As a 
' matter of fact, sometimes alizarine lakes of very (treat hrljthlness an? found on the 
market, which, ground in oil. arc considerably 1 (?hs bright than certain diilI(?r-IookiDg 
tdods. [Translator.] 
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A most important point in the process is to keep the solution as weak as 
possible in order to secure brilliancy and fineness of structure in the coal-tar 
colour lakes. In view of the great sensitiveness of alizarine toward iron, all 
iron articles, like nails, pi})es, ike., that might come in contact with the 
precipitation mixture must be carefully excluded and replaced by lead or tin. 

'I’lie best proportions for dissolving are the following ; 


1, Colouring matter . 

: 20 


■ .S.‘)0 

parts l)y volume. 

2. Sodium phosphate . 

: 20 


T.-)0 

8. Calcined soda. 

: 20 

using the following 

200 

}> >> 

4. Turkey red oil, .'jO / 

: 10 

proportions of each 

100 


.5. Alum 

: 20 


2.00 

>> 

b. Lime-water . 

: ;io J 


. 2.0 



The cold s(»lutionsof soda and colouring matters are first united in the 
preci))itatioii tank, and the stirrers are set going itnmediately, the sodium 
phosphate and Turkey reil oil solutions being added afterwards. When a 
suHieiently intimate mixture of these solutions has been obtained the solu¬ 
tion of alum is slowly added in small jwrtions to prevent cxeessive liberation 
of carbonic acid gas. A certain time afterwards - depending on the more or 
less complete csca[)e of the carbonic acid the lime-water is added, and the 
mixture is continually stirred for at least ten to twelve hours. If this 
cannot he done during the night-time it must be continued next day, and 
the precipitation mixture is afterwards—in this latter case the third day— 
heated for at least six to eiglU hours. The heating process re(pnres especial 
care and attention. As a rule, the only way to product; specially bright and 
pure red alizarine lakes is by very gradual heating for a certain time,the longer 
the better. The steam is admitted in such a manner that actual boiling of 
the whole nniss does not begin for four or five hours, and then this condition 
is maintained, with continual stirring, for two or tliree hours, until no further 
improvement ir» brightness can be discerned. 1'he steam is then turned off’, 
but stirring is continued for some hours, the finished lake being washe<i 
repeatedly, filtered, and dried, preferably at orilinary temperatures. 

Kxj)cricnce sliows that the brightesf and most handsome tints in 1'urkey 
red dyeing are only obtained by steaming under pressure (in the “ hot flue ”). 
Rased on this principle, a number of recipes for producing the brightest lints 
of alizarine lakes have been introduced, and in s«)me large colour works 
aliz^trinc lakes of great intensity and briglUtmss are now produced by such 
methods, one ()f wliich is reproduced below. 

SohUioH I .—22 lbs. of 20 per cent, alizarine are mixed with 5^ g»lls. of 
water, and added to a solution of 4 lbs. of calcined soda in 4 galls, of water. 
The mixture is then heated, with continual stirring, to about .'>0"’ C. in an 
hour. A cold solution of 1})| lbs. of sodium sulphate witlj 1.0| galls, of water 
and lbs. of Turkey red oil (50 per cent.) are afterwards added. 

Solution II.— 1lbs. of aluminiuin sulphate (free from iron) are dissolved 
in 11 galls, of water, and thoroughly mixed with a solution of 5^ lbs. of 
calcium acetate in galls, of water. Solution I. is then added to Solution II., 
and the whole afterwards heated for an hour in an autoclave without pressure, 
the mass being subsequently heated about three hours under a pressure 
of 4 to 5 atmospheres, thoroughly well washed, filtered, and dried at the 
ordinary temperature. 
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To apply this method to that just described the resulting lake is boiled for 
>ne hour by steam, filtered, and brought, unwashed, into the autoclave, whete 
t is boiled for two to three hours under a pressure of t to .'5 atmospheres. 

By the same method tlie other adjective colours can be worked u)i into 
nore or less suitable and very fast lakes, 'i'hese colouring matters are: 
jtiznrine orfi7f^c, alizarm' hroini, dlizuriiif fnanxm, alizarine yi’llotr, alizarine hltie 
anthracene i)liie, alizarine indigo hUw, ike.), arid alizai-hiehine, alizarine green, 
falleine, gallofioeiiu’ in paste, alizarine Uark, camlelti, ike. 

With alizarine orange, alizarine l)lue, alizarine indigo blue, and alizarine 
'reen a slight modification must oeeasioually he inlroduct^d, siii<*e these 
rolouring matters cannot l)e diss(>lved in soda solution, but must be mixed 
ivith a fivefold (juantitv of water, .stirre<l >»p with tlie s4)liilion of uluniiiiium 
iulphate or alum, and precipitated by the mixture «>l' solutions of soda, 
:odiuni phosphate, and Turkey red oil. That is to say, the method described 
)n p. .V-iO is reversed, all the other nianipulalions remaining the same. 

A special method is jmhlislaul (by the /iadixelie and Sada-fahrik) 

or the ))reparalion of lakes from m ra/ein : 

lbs. of ('(eruleiji arc mixed with galls, of water, -14 lbs. of sodium 
)isulpbite (dS^ to B.) are added, anil the mixture allowi'd to stand at 
he ordinary teinpiTatun* for tw elve liours. A further galls, of water are 
idded, and the w hole heated hy steam to 7(> ’ filtered, and the (tleav Ii(|Uor 
lilule<l with 110 galls, of water. I'he li«juor is then rniset! to boiling, t-i- lbs. 
>f potassium alum are added, and the whole bc»iled for h;df an hour without 
my interru]>tion. .lo lbs. of sodium bisul|)hite to 4()' B.) are then added, 
iml boiling repeated for half an hour, fhe preci{)itated lake is filtered, 
vushed, and dried at the (wdinary temperature. 

In all these methods tlie base is produ<-ed at the same time as llie lake, 
f properly worked they produce lakes of uniform intensity, l>rightiie.ss, 
md oilier physical properties, and arc therefoia- among the best known in 
rolour-making, thougli complex .and occupying a long time. Slight changes 
n the weights <if the raw materials and small .'nldilions of shading agents 
ike iron and tin salts will furnish very bright, fast lakes by any of the 
ieseribed methods. 'I’he same applies to a suitable combination of the 
various colouring materials. These lakes will he very suitable for various 
lurposes, especially for artist’s <'olours, printing inks, I'^c. 

^zaiin red may also he mentioned here, though ehemically it iiebrngs 
o the azo colours. It is precipitated hy the s;imc method as alizarine 
lolouring tnatters, ami is therefore generally classed along w ith the adjective 
colours. rile lldehst Farhirerke, lale Meisicr Lucin.s and Jiraning^ the only 
nakers of this colouring matter, give the follow ing instructions : 


Water. 

‘.i.'iO parts by volume 

/iike b (light). 

Sodium phosjihate, J : 10 . 

175 

Solution of soda (calcined), 1:10. 

70 „ „ 

()0 

Turkey red oil, 1:10. 

‘70 „ 

.50 

Sodium stannate, 1 : 10 

‘7<» 

'70 

Precipitate, with a mixture of 

Azarin S, I : 10 . 

70 „ „ 

10 

Alum solution, 1:10. 

.700 „ „ 

500 
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In the manufttcture of aza}^! lakes the various operations, temperaturei 
time, /^c., are the same as described in the mattufaclure of alizarine lakes on 
p. 520. To obtain brilliant red or pink shades, tlie materials use<i, water, and 
plant must be absolutely free from iron, since the least trace of that metal 
would considerably dull the shade of the produced lakes. 

(). Insoluble Azo and Diazo Colours and thoir Use in 
Manufactviring Lake Figments 

The first attempts at j^roducing insoluble azo colouring matters direct 
on the fil)re was made by II. Holliday at Huddersfield and h'r. Graesskr at 
Cannstadt, but their metlu)ds were too difiiciilt to use in practice. Horace 
Kocklin (the well-known Alsatian chemist) showed at tlie Paris Exhibition 
(1880) a series of azo colouring matters directly produced on tl»e fibre by 
ills own process, kept secret. Shortly afterwards the Hocli.sl Farhtrer/ce pub¬ 
lished a method, ilistinguished by great simplicity and .absolute safety, 
which (juiekly found .application for cloth dyeing and printing. 

file Hbehst process is still used to-day in practically the same form, 
but has been extended to include a whole series of shades, from primrose 
through red, Bordeaux, and blue to the deepest black, a pure green being 
the only member of the colour scale lackijig.'' 

The possibility of producing this large lunuber of azo colours direct on 
the fibre without any technical difficulty led to the idea of discovering a 
similar method for manufacturing lakes. 'J’he original difiiculties—the 
insufficient plant in small or medium colour works, the scarcity of ice, 
especially in summer-time, ^c .—have now mostly been overcome, partly by 
simplifying the ju'occss (for instance, manufacture of azophor red,t viz., diazo- 
tisetl paranitraniline), and partly by improving the plant. The process, 
which has been extended to a considerable number of azo colours, is now 
the common proj)erty of most well-equipped colour works, so that nearly 
tile whole series of this class of colouring matters are met with in tfie trade 
uinler the generic name of ice colours,” iS:c. 

'Die wsolii/tlc azocolotirx are the so-called naphthol-a/o colouring matters, 
obtained by treating aromatic amines or diamines witli naphthol. The 
pnalucls obtained by the aid ui' In tanafditlfol are of a specially liigli value for 
the mamifaclur<‘ of lake pigments distinguished by speei.al fastness to water 
and light, great brightness, and simplicity of manufacture. The produc¬ 
tion of the colouring matter is based on the coupling of the diazo derivatives 
obtaiiual from amines with betannphthol. Succt ss de))ends on the right 
order of the various operations, the neutralising of the diazo hydrochloride 
derivative and the surplus hydroehlorie acid used for diazotisation by an 
alkali. 'Hic production of bright shades <lopeiuls jirimarily on the perfect 
eonjuiiction, which in turn depends on the inainlemmcc of distinct conditions 
during the reaction of the two components. 

'rhe first o[)cration in the manufacture of insoluble azo colours is the 

* Thf siiatmfarturc (if li:t.s uuuii' ;i ntlvaMotMluriit^ the last fdw 

years. 'I'lio itiea of soiiu; lliat (he insoliilth- Az<» eolnurs in addition to the so-oalled 
l>i(;iueiif colouring nialters (p. Ii)(i) will ho completely substituted fur the old-fnahiunstl 
artificial mineral cobmrs must, liowover, be considered an absurdity. [TusnhlatoS.]- 
t llduhst Farbworko, late Moister Lucius uud Briinin^. 
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inversion of bctnnaplithol into the soluble form, iodiwn tiapkthof bebif; the 
Vnost suitable. To obtain this IhkIv the weighed cjuantity of betanaphthol 
iii mixed with hot water to a fairly Ihick mass, a corresponding quantity of 
caustic soda is added, and licated (if necessary) until the whole of the 
naphtho] is dissolved. I'he purity of the caustic soda plays a certain part, 
because if contaminated with sulphate it produces shades deticient in 
brigiitness. For various reasons tlie quantity of caustic soda in the iiaphthol 
solution is considerably higher than necessary to produce sodium iiaphthol, 
especially in dark a/.o colours. The more alkaline the solution of naphthol 
the higher the permissilile acidity of the solution of dia/.o derivative. On 
the other hand, an excess of caustic siula increases the hriglitncss of the 
shade; but this must not he puslu'd to excess, many a/.o colours having a 
tendency to “bronze” in such a ease. The solution of sodium iiaphthol 
slowly turns brown under the influence of air and light, and will give 
brownish produ<‘ls, on which account it must always be freshly prejmred, 
or, at any rate, kept in closed l>ottlcs. 

The second operation, riMpiii iiig more care ami attention, is the production 
of the diazo solution, llic so-called (liu'.olmifion. 

The diazo or tetrazo derivatives from amines and diamines are formed 
by treating liydrochloridcs or sulphates of these aromatic amido derivatives 
with free nitrous acid. As a rule they arc readily dccomposaldc bodies, and 
for this reason their formation is dcpcndi'iit on definite conditions, llie most 
important of which, aeeording to the information published by the Udc/ixl 
Fnrfm'erke, fafe Mas/cr I.ucius uud Ih-tiiting, are as follows: 

1. lireexs c/'.7ra/. - Most aromatic amines arc very easily diazotised in 
presence of a certain excess of achl. At the .same time the presence of free 
mineral acid prevents or retards the formation of de<oniposition products 
from tile diazo solution (diazo amido derivatives, phemds, iVc.). In practice 
the excess of acid is about iid to aO per cent., more rarely Ti) to lOt) per 
cent., above the quantity necessary to form tin* salts (►f the amines and to 
decompose llie nitrite. 

2. AVmv.y o/'fitrie again an excess favours the diazotisation by 
replacing the loss of nitrons acid caiisctl hy the stirring. 'The excess of 
nitrite, however, should not he more than 10 |)cr cent., for economical reasons, 
as well as on account <»f the injurious cliaracter of the large quantity of 
vapours t(» the workmen. 

In large works the nitrite to he nscil for diazolLsing purposes is generally 
kept in slock solution, before preparing the solution it is advisable to deter¬ 
mine by Utralion with jiotassium permanganate, by the method described on 
p. 323, the precise amount of sodium nitrite in the stock solution. 

3. Temperalurc .—'I’hi! most favourable temperature for producing diazo 
derivatives is that of melting iec, and therefore most amines must be 
diazotised at a temperature of about C., l>ut not higher than C. A 
considerable rise in the temperalun* of the liijuids can always be oliserved 
in diazotisation, and a suitable excess of ice must therefore he used, to 
preclude any detrimental effect of tliisheat on the reaction. The concentra¬ 
tion of the solutions has, however, considerable inHucnce tm the j)rogre.sR of 
the diazoti.siiig process; the stronger the solutions to be diazoti.sed the 
greater the thermal rcaetioiqand the larger the quantity of ice necessary to 
counteract the results. Ckinverscly, very dilute solutions can be used for 
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(liAzotisation without ice, a fact which proves very useful in practice. Siich 
low temperatures, however, are not required for all amines, certain of the 
aromatic amines being diazotisable at ordinary temperatures, or even in a 
lukew'arm state. 

Nitraniline, iiitrotoluidine, naphthylamines, benzidine, tolidinc, dianisi- 
dine, diphenetidine, chloranisidine, azo black i)ase, iS:c., are dinzotised cold, 
whilst amidoazobenzene, amidoazotoluene and nitroj)henetidine (blue-red 0) 
are treatc<l at 20° to ,‘i0° C. 

Owing to the large (piantities ()f ice re({uired in the mamiraclure of these 
diazo compounds, the eolour-)nakers endeavoured to find products containing 
diazo derivatives in a stable form. KxampU's of these latter are the azophor 
cohurx (lloehst), uzophor red and uzophor orange, which deserve attention on 
account of the greater case and simplilioation of the diazotising process. 

4. Fine Dixtrihidion of Ihe Amido Baxes or ll/eir Salts. —The hydr4ichlorides 
or sulphates of the amines to he diazotised being very s[)aringly soluble in 
presence of an excess of acid, the free nitrous acid has often to react on 
the finely crystallised salts, in M'hich case their complete solution .as diazo 
derivatives ensues oidy when they are j)resent in .a micro-cryslaliine form. 
On file other hand, crystals of .a certain size are not aeUal upon l)y 
nitrous acid, lienee it is of the greatest ijuportance that the amines, 
in the stale of salts or free bases, slumid be used in art extremely finely 
divided form ; (I) The amido base is first converted irilir a very finely divided 
hydrochloride or sulphate, which is afterwards treated by the nitrile .solution; 
or (2) a so-called nifnle paste is prepared from the amido base ami the nitrite 
solution, and this mixture is afterwaials treated with dihite hydrochloric or 
sul|rhurie acid. 

Before dealing with the mntmfacturc itf the insoluble azo cnlotirs used 
for manufacturing lakes we may give the most important facts relating lo 
the naphthols ami amido bases used for that purpose. 

a. Naphthols 

Of the two ktmwn napiilhols, betanaplilliol is hy far the more important, 
'i'he colours it produces arc not only .far brighter, l)ut also much faster to light 
and water, whereas the insoluble napbtholazo colours from alphanaphthol 
are generally darker, of a dull shade, ,nid partly less fast to light. Hence 
alphanaphthol is rarely used in colour manufacture, or only for shading 
purposes. 

Betanuphthol is sold in lumps as well as in fine powder. The latter is, 
of course, easier to use, .since it dissolves much quicker than the lumps when 
treated with hot water and caustic soda. 

Though commercial betanaphthol is generally pure, it is necessary in all 
cases to test it accurately, so as to ensure uniform products. The perfect 
solubility of betanaphthol in alcohol is a sufficient criterion, since any 
impurities or adulterations insoluble in alcohol— c.g., common salt, sulphate, 
dextrin, itc.—are thereby readily detected. Betanaphthol must, in addition, 
be free from al[)hauaphthol, a very small fraction indeed being (|uite suffi¬ 
cient to dull the colour, especially in the case of the very im]>ortant para* 
nitraniline red. 

Besides betanaphthol, eerUin other naphthol preparations are used, the 
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niMt im|)ortant of wliich is hctaiiaphthol H, iistd for |>roiUu*i»g very blue- 
tinged brands of paranitruniline red. 

(h Amido Bases 

The chief amido bases now usrd in practice include paranitranilinc, 
nitrololnidinc, benzidine, lolidinc, cliaiiisidine, and alphanaphthylaniiiu*. 
Besides these bodies, ainidobenzcne, |)roducing a very bluish-red, and 
amidoiizotoluene, giving very bright maroon tones, may be mentioned, though 
tlie lakes obtained from amidobenzene are umcb less last to light than 
IMiranitraniline red. 

Parouiframl'me. —TIjc following {•onnnercial brands are oblainal)le : 

Paranitranilinc, yellowish . to ycllowish-rcd colours. 

„ extra . . to l)luish-rc(l colours. 

,, extra, bluish . to obtain the brightest and most 

hluish red colours. 

All these brands are sold as a finely ground powder, tine crystals, or as ‘J.'i 
per cent, nitrile j>aste, already containing the (piantily of nitrilt^ necessary 
for dia/.olising. Tliese various brands maybe considered ebenncally pure, 
paranitranilinc being now obtained free from isomeric iKxlies. (rnmiid jiara- 
nitraniline jiowder being very voluminous and tending to repel water, on 
account of the interstitial air, the fine crystalline form is preferable, as being 
easier to work and <lissolve. The ]>owd(T is preferred wlum the user desires 
to prepare the uitvile paste himself. 

In the manufacture of lakes the nitrite paste is rarely used, tlio fine 
crystalline powder being exclusively employed, the solution ol which (ns 
hydrochloride, more rarely as sulphate) Is treated with tlie solution <d 
nitrite in the cold. I he conversion into hydrochlorides or sulphates, wbicli, 
as already mentioned, must be produced in a very finely divided state, is 
effected l)y dissolving the weighed (piantily of paranitraniline in boiling 
water, with addition of acid, 1 imdeculeof paranitraniline retpiiring ii*2to ^ 
molecules of hydrochloric acid or 11 to l ‘2.o molecules of sulphuric acid for 
comjdetc conversion. If the solution is afterwards slowly cooled by 
continued stirring, the salt generally falls down as such minute crystals that 
complete diazotisation easily lakes place on the addition of ice and the nitrite 
solution. 

Attempts have been made to work without ice, but this can only be done 
by using a consideral>Ic excess of acid and very dilute solutions. Since, 
however, it may be occasionally necessary to resort to this somewhat 
cumbrous method, the proper (juantities of materials to be used may be 
now given. 

I'i kgs. of })owdered IMiranitraniline extra are thoroughly well mixed 
with 'J litres of hot water, 2 8 litres of hydrochloric acid (22° B.) being 
afterwards added, and stirred fora quarter of an hour. Next 12 0 litres 
of very cold water are poured in, followed at once by I'b litres of nitrite 
solution (2yo grms. per 1 litre), with continued stirring, until the whole is 
diazotised. The (piantity of water may, of course, be increased. Before 
use the diazo solution must be made up to at lojist 100 litres l»y adding cold 
water. 
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Nitrotoluidine is- sold as a brownish-yellow powder or ns a 25 per cent^' 
nitrite paste. It produces a bright orange with betanaphthol, and is afso; 
very similar to paranitraniline. 

Nilropkanelidine (blue-red ()) serves to ])roduce bright pink or bluish-red 
tints which are also fairly fast. Blue-red () (Hochst) is 2.5 per cent, ortho* 
nitroparaplieiietidine, and is diazotiscd, without ice, at about 1.5® to 20® C, 
The diaxotisation is complete if the ])rej)ared nitrite paste contains a suitable 
excess of nitrite, and the resulting diazo derivatives are very fast. 

ylviidoazoheHzene gives with betanaphthol very bluish, full, and fairly fast 
reds. It is best diazotised at 15® C.— i.e., without ice. 

Amidonzololuene is sold as a base and as 100 per cent, hydrochloride. 
The diazo derivatives produce a bright, fast maroon with betanaphthol. 
Amidoazotoluene can be di.azotisrd without ice at 15®C. 

Alphanaphlhphiminc is sold as “ alphanaphthylaminc salt S” (Hochst) in the 
form of a very fine white powder, very sparingly soluble in water. When 
mixed with water, ice, and hydrochloric or sulphuric acid it is easily 
diazotised oil the addition of a suHicient (pwinlity of nitrile solution, and 
produces dark, fairly fast Bordeaux-red shades with hetanajihthol. Fine¬ 
ness of division is essential, and for this reason alphanajihtliylamine is 
sometimes sold as hydrochloride in paste, which, however, is rarely used. The 
diazotisaliou process is the same .as already described. The ijyiln>chloride 
exhibits certain defects, llie jiasle e.isily drying into a coarsely crystalline 
state during transport and storage, and darkening considerably under the 
influence of light and air, in wliich stale it is diazotised with difliciilty and 
leaves a certain amount of residue. 

- Benzidine (benzidine base, benzidine sul])hate) is used for producing 
brown shades by the aid of betan.iphthol. On partly rcplaeing betanaphthol 
by alpbanaphtliol the shade c.in be darkened in any desired way. 'I'he brown 
colour is fairly fast to light. Benzidine is of only small importance for 
manufacturing lakes. 

To/idine is very similar to benzidine, but the brown shade obtained with 
betanaphthol has a more violet tinge, and is somewhat faster to light. 

Azophor co/o«r.v (azophor red FN and azojihor orange MN) (Hochst). 
Azophor red is the sbible form of the diazo derivative from paranitraniline. 
It forms a yellowish, very light powder, and is fairly soluble in water, a smal) 
residue (0'.‘> to 1 per cent.) being left. It is hygroscopic, and must therefore 
be kept drv in not too warm a place, protected friun ilircct light. 

According to the makers’ instructions, azophor red is best dissolved in a 
tank providi‘d with a tap close to the bottom. 'I'be t.ank being partly filled 
with water, the weighed (juantity of azophor red is added, well stirred, and 
the tank filled uj) with water. Aflcr stirring a certain time the mass is 
allowed to stand, wdiercupon the light, voluminous scum rises to the surface 
of the liipior, and the latter can be drawn off', except for .a small re¬ 
mainder, wliicb is afterwards clarified by washing and ixissing it throiigh 
u woollen filter. 

The Manufacture of the Insoluble Azo Colours 

Tile process is one that is applicable to all ainido derivatives, and. consists 
of three principal operations, viz.: 




1. PrepArinpr the Alkaline solution of l>etanAphthol. 

5. Preparation of the diozo solution—i.e., cliazotisation of the iimido 
base. 

$. Coupling (combining) the two solutions. 

For these o|>erations two tanks, holding about 2^0 and 750 galls., arc 
necessary, the smaller being placed above the <»ther in such a manner that 
its contents can flow into tlie latter. Hoth tanks should be provided with 
stirrers. The smaller taTik is for prepjiring tiic dia/o solution, the larger 
one for dissolving the hcUmaphthol and for receiving the carrier. From 
what has already been said it follows th.it the insoluble a/.o colours will be 
the brighter the greater the dilution of the solutions. Ucnee the tanks 
should be as large as possible. 

The above dimensions will thcrtrlbre not be suitable for all eases, but are 
sufficient to deal with the quanlities incnlioncd in tlie following examples. 

1. Preparing the Betanaphtbol Solution 

This can be done direct in the larger working tank. For this purpose,’ 
the lank is filled with about 41 galls, of water, and lbs. of betanaplithol, ' 
mixed with water to a suitable paste, are afterwards addt'd through a sieve 
to secure unifurm distribution. The stirrers are set to work, and as soon 
as the naphthol is suflieienlly disseminated through the liquid galls, of 
caustic soda H.) are slowly added Stirring is conliiuied till all the 

betanaphtbol is dissolved, the ojieratiun being accelerated by warming the 
liquid to about 40 ’ to ! by direct steam. 

The betanaphtliol being eonqiletcly dissolved, the carrier (barytes, artifi¬ 
cial barytes, alumina, &c.) is generally added at once in the usual form of a 
thin pulp run in through a fine sieve. 'Phe volume of llu; liquid is after¬ 
wards made up to 200 galls., and if the i-onpling process has to be effected 
at a temperature below C. ice is added until the prescribed temperature 
is obtained. 

2. Preparation of the Diazo Solution 

The amido base.s are diazotised in the colour work.s in varying serial 
order, so far as the several operations are concerneil, the main object being 
to minimise the loss of nitrous acid. This result is, however, very .seldom . 
achieved, tlie acid being able to escape even when the utmost [irecaution 
is olwerved in working. 

The most important factors of easy diazotisation having already been 
mentioned, we have now only to deal with the praelical perrorinaiice of the 
various stages. 

The smaller tank is first supplied with about b.50 galls, of cold water, 
and the stirrers are set to work. In an open barrel lbs, of ground para- 
nitraniline extra are treated with 13^ galls, of boiling water, well stirred, 

galls, of hydrochloric acid (22 ' B.) being added to the mixture. When>‘ 
after having been stirred for a certain time, all is dissolved the liquid k 
allowed to cool slowly, in order to x>btain the {mranitranilinc in the finest 
possible form, which done, the liquid is ladled into the diazolising tank. 
A sufficient quantity of ice (almut 1 cwt.) is then added, and the whole 
is sliired until the temperature does not exceed '> C. This temperature. 
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heiii" the most favourable for Oiftzotising, tlie nitrite solution is added at 
once, of course witli continued stirring. The above quantity of paranitraniline 
requires 'f galls, of nitrite solution (a sliglit excess), containing 29 per cent, 
of nitrite (8} lbs. in all). The operation must be assistecl by thorough 
stirring, the liquid being then made up to 110 galls, by adding cold water 
(and more ice if necessary), and the diazo solution used immediately for 
coupling the bebuiaphtliol in the lower working tank. 

The tap near the bottom of the diazotising tank being opened, the dinzo 
solution is slowly run as a thin stream into the solution of naphthol, which 
is kept stirred. The insoluble.azo colour is immediately j)ro(lueed from the 
sodium salt of betanaphthol and the diazo derivative ; but, notwithstanding 
the quickness of the coupling, a difference can he observed in the behaviour 
of the various diazo derivatives. Tiic rapidity of the coupling, for instance, 
also depends largely on the nature of the diazo solution, ])aranitro(liazo- 
henzene, for example, being coupled far more (piiekly than its product 
azopiior red. These facts, which we cannot stop to explain here, sometimes 
necessitate stirring the li(]uor for s(;veral liours even after llic coupling pro¬ 
cess. On the otlier hand, much finer division of the azo colour is obtained 
by this manipulation (but the solutions must not be rendered too con¬ 
centrated by it), as also a thoroughly e<[iial coloration of the base, 
properties of the greatest inlluenee on the brightness and uniformity of 
tone. 

The lake pigment is then washed two or tliree times in the precipitating 
tank, hltered, jiressed, and dried in tin* usual way. 

To obtain the same lake from /urfat/ (r.ophor red P\ the method is 
considerably simplified, as already explained in the descri])tion of this 
product. 

1()| lbs. of betanaphthol require about ()2 lbs. (*f azo])ln)r red, which are 
dissolved in galls, of water, 'riie solution is afterwards made up to 
110 galls., and subsequently treated like any other di.izo solution, cooling 
with ice being, however, superfluous. 

The limlmlii’ Anilin- und Liulvvigshafen, has also published 

the following method for working without ice : 

80| lbs. of paranitraniline are mixed to a unirorm paste with 2| galls, 
of cold water and l()i lbs. of sodium nitrite by the aid of a wooden stick, 
which operation requires great care, since unmoisteiied particles arc not 
dinzoliseil. 11 galls, of cold water are added to the paste, and the mixture 
passed through a sieve into the diazotising vessel. It is afterwards diluted 
with 55 galls, of cold water, and 88 lbs ( = 7^ g<‘'ll!“‘ ) of hydrochloric acid of 
20® B. strength (or 7 !• Ihs. = galls, of 22° B. strength) are then added at 
once. After stirring for a quarter of an hour the diazo solution is ready. 
A slight turbidity is harmless, and the diazo solution need not be filtered. 

For the naphthol solution .‘18 lbs. of betauajihthol are dissolved in 11 galls, 
of boiling water and 28A lbs. of caustic soda (10° B), 22 galls, of cold water 
are afterwards added, followed by 22 lbs. of calcined soda dissolved in 
22 galls, of water. 

The carrier (for instance, 8 cwt. of barytes) is mixed with the naphthol 
solution, and the diazo solution is slowly added, with continual stirring. A 
yellowish-red lake is obtained, which is washed twice. 

To obtai»i a blnish-red lake, naphthol R is used to form the naphthol solu- 



tfcn, ind i cwt. of Turkey red oil F are add^ afterwards. It is 

Add a solution of 11 lbs. of aluminium sulphate in 11 flails, of water after 

the lake is precipitated. . i i. 

The foreRoing weights, as well as the instructions and uiaiupulatiops to 
be used for diar-otising and finishing, arc the same in the case ol tlie oilier 
amido derivatives. 


Coal-tar Colouring Matters Used for Manufacturing 
Lakes (1007) 

The following list is an alpliahelical arrangcim nl of tlio coal-tar colouring 
matters siiccially used for iiianiifacturing lakes. 'Ihc colouring matters 
marked • give especially good lakes. I he letUrs ni the parenthests ( ) 
after the name of the colour indicate the maker. 

rAccording to a special communication Iroiii (ico. /err, one 
antlmrs, the colouring matters marked t produce hkes rny jml lo hglil.— 
TRANSL.vrori.] 

Azt.'liUmriHiTin Bli (A. M.) 

Azint' 'r<K T (!'•) 

A-/.i> ncitl yiilld'v (A. H.) 
carmine IM Bit‘1.} 

„ red ULI.Ml?sv<l-) 

„ rtiliin H(« (A. li.) 

• ,, yellow 0 (II.) 

• a:)r*25(\v.) 

Azollavin SL {15a<l.) 

AzttHoximi ‘-<5 (H.) 

♦Metiinftphthol (Ciitt.) 

• .. H(ll.) 

♦Hetaimi-hUiylamine Imibc (Hml.) 

Hitibrkh scjirlet (K.) 

„ licit! blue (K.) 

•IliMuarck brown (H.) 

Islut! •rreeii S (Had.) 
red (> (H.) 

*lJort!eaux tlouble cone. '• (A. I/.) 

„ (!. It*. 0(11.) 

Ikilliant azurine IJ, 6(« (U.) 
benzo bluti 

• „ black 1) (Bail.) 

• ,, curmiiie L (Bat!.) 

„ cresyl blue 2B (b.) 

• crocl'ine 3 B,‘iB citnc .1 20722 (B.) 

• „ M, MOO, B, BOO, 9B 

(OaH.) 

• M 21)2(0.) 

• „ B. r.B, BB, B. ytdlowUh 

” (II.) 

„ diazioe blue B, BB, BU (K.) 

„ double Rcarlet 3K (B.) 

• „ green crynt. extra (M.) (with 
green earth 1) 

• iiraiige 0, It (M.) 

• „ retl U. G (f. lakei*) (Btt'l.) 

• rlimluline red B (Ib) 


•Acitl alizarine blue BB (H.) 

• „ blue B, H, O (S.) 

• „ green i/(B.) 

• ,, extra cone. B (Oas.) 

• H n cone. 0 (H.) 

,, magenta G (H.) 

• „ violet 4U, OBN (Bad.) 

• „ „ 6B (O.) 

• „ „ 3TtA, N (H.) 

•Alkali blue 4B(b.) 

• „ „ 6, 7. K, 2BII (M.) 

• ,, „ 3H(173K)(W.) 

• „ GBconc. (D.) 

• ,, „ 6B extra, t)B, r»U (Biitl.) 

" „ f. printing ink (Bad.) 

,, violet OB (Ibui.) 

•tAlizariuo orange N (H.) 

* 4 - red 2A bliiisli blue, IB new (11 ) 

•+ ]' t, UX, Sl.)Oi/d*'(II-) 

•t ,1 1 . powd. IB extra, 20 per 

’ cent, pante (B.) 

t M tt bluish (Batl.) 

•Alphaiiaphthylainine wvU (H.) 

•Amarantb red B (Caa.) 

Awklo azotoluene, 100 per cent. (H.) 
Anthracene yellow GO, BN (( as.) 
Anthrafpiinone violet (Bad.) 

^tAstacIne red B (Bad.) 

^Auraraine O, ll (B.) 

.. OE (Bad.) 

0,01 (I.B.) (with green 
’ 0 (G.) eartht) 

„ O (.1.) 

.. 

.Autolonjngeinad)^^ ni,.t Ubl>, RbV 

bluish (paste) (liail.) 

•Asarinc S (II.) 




530 


COLOUR manufacture 


•Orilllunt scarlet 0, R (Cas.) 

• f'ky I 

• „ violot 5B0 (Baalc) 
♦BroinofluorcHceiHO AL (H.) 

(;auri blue GON (B.) 

* ^ „ GON, ON (U) (with green 

” earth t) 

China yellow n (Cas.) , / a -n \ 

•Chinolin yellow ^Quinohn yellow) A. B.) 

* „ „ 

Chldl-amine brown 0 (B.) 

orange G (B.) 

„ yellow M, GO (B.) 

♦ChloraniakUne V (Bad.) 

Chronuv/.one nni AA, AN (G.) 

Chroniotrope 2U, 6B, lOB (H.) 

Chrysoidine EN, crystals, cryst. R (Cas.) 

A (Bad.) 

0(L.) 

fCitronino G, A (L.) 

(!loth rod 0 (H.) 

Congo orange G (B.) , „ 

Cotton light blue 0, soUiblo ui wat* r 

•Cotton scarlet extra (Bad.) 

Oesyl fust violet 2B {E.) 

♦Croceine 292 (D.) 

• .. scarlet iOB (B.) 

•Crystal scarlet 6R (H.) 

• „ violet (Bad.) 

•Curcuinein IV., GG (A. E.) 

Cyananthrol IIB, R, RA (Bad.) 

Cyanol FF (Cas.) 

Park blue 25808 (W.) 

Diazine black (K.) 

Direct yellow R extra (B.) 

„ extra cone. (Basle.) 
Eosauiine IMA. B.) 

•Eosine 0 extra, B), 00 extra (B.) 

• „ Cl’hMT.) 

• 3.5 (33,531), 2.3 (33530). B. 2(. 

” r.G (W.) 

• B extra (A. B.) 

• ’ A.5G, A2G, BB, 5B (II.) 

• „ A,BA,I.G.J,BNB,\Vextra(Bad.) 

• ' GGK, 6G (Cas.) 

• extra yellowish S, extra bluish S 

” (B.) 

• „ acid B new (Bad.) 

Ervthrinc C (Cas ) 

X f. lakes (Bad.) 

•Ervthrosino (H-) 

« G (Bad.) 

• B yellow (Cas.) 

•Excelsior scarlet f. lakes, JN, JJN (Cas.) 
tFast navy bhie R (Oehler) 

tFast orange 0 (K.) 

Flavindulin (Bad.) 

•Formyl violet SlB (Cas.) 

Galleine A (11.) 

•Gold orange extra cone. (1>.) 

•Green I’L (Bad.) . „ „ . « 

•Guinen green 0,1V!157, B, B estra (A. B. 


•Guinea violet 4B (A. B.) 

Helio azurin RL, BL (B.) 

•f „ fast blue BL, SL (B.) 

•t „ fast red 0 (paste) (B.) 

• „ orange KM (B.) rT,T* 

nurpurin B, 3BL*, 4BL, oBL , 

’ 10BL*(B.) 

Helvetia blue (G.) 

Indanthrene in paste (Bad.) 

Indnline scarlet (Bad.)’ 

Isorubin (A. B.) 

•Lake blue I (Bad ) 

• , „ ClMCas.) 

• „ „ RT(A. L.) 

•t Bordeaux B (A. B.) 

„ green BW (Cas.) 

• „ orange ON (Bad.) 

» , red 4611, AlOl (A. B.) l 

• ,, „ 78,413(1).) 

", tm, Iia RC, ^ 

(iiii.i.) 

• . „ LN, l.GN (Bad.) 

• „ „ GG,R(Cas.) 

• , G extra, L, B extra (L.) 

• ” violet K (A. B.) 

•tLitholredR, GGp!i8tc(Bad.) 

•Malachite green cryst. (A. B.) (with 
green earth t) . . 

Malachite green cryst. (H.) (with green 
earth f) 

•Manchester brown EE (Cas.) 

Madarin G extra (A. B.) 

Marine blue BN (Bad.) 

Metanile yellow extra (A. B.) 

„ ?L{Ba(t.) 

„ 43F(\V.) 

Methylene blue BG. BH (Bad.) (with green 
earth t) 

• , BB, BB c<.uc., 22S90 (B.) 

• ” „ BBO, BB (Baale) 

• „ BlMCas.) 

• „ B extra cone. (G.) 

« ” „ U, BB (H.) (with green 

” earth +) 

• „ 2B(K.) 

' green extra yellow cone. (H.) 

violet RRA. BN (II.), 

•xMothyl green SF (K.) ' 

• violet MB extra, BB eixtra, 3B 

extra, *B extra (Bad.) 

• , „ 5B, B (B.) 

• „ „ 2B(H.) \ 

Mikado yellow G, 6G (L.) 

gold yellow 4G, 2G, 6G, 8(, | , 
„ orange 3R0, 4U (L) ; 

•Milling yellow 0 (Cas.) 

•Mordant yellow R, G (Bad.) 
tNaphthol R (Bad.) | 

•+ yellow S (R.) 

♦f S (Bad.) 

•t " » «IH) 

•■j. ,, „ Sextraconc.,33^(W.l 
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•tNaphthol green B (B.) 

*Ndptune green S, SB. SG, 8BN (Bad.) 
New bengallne 74R, A, 74 (K.) 

• magenta (B.) 

• „ „ 0(H.) 

„ metamino blue M (L.) 

• „ methylene blue K, KUf (B.) 

• n 1. M GC}(Ca8.) 

„ patent blue GA (B.) 

• „ red L (K.) 

• „ solid green BB (Basle.) 

• „ Victoria blue (B.) 

Night green A extra, :{21’ (W.) 

Nigroaine W, C (Bad.) 

•Nile blue BB, H(Bnd.) 

•Nitrosamine r«-(i (Bad.) 

•NitroWlnidine (/ (Cas.) 

•Oj«il blue, greenish (H.) 

•Orange IIB (Ib) 

• „ ll. MK, sr. Mll(Ba<l.) 

• „ ENL. extra* 11* (Cns.) 

• K(K.) 

• „ 0 extra, A (L.) 

„ A(b.) 

• .. UK 21. (11.) 

• TS.3r>9,Il. IIe,onc. 522/K(W.) 

Oxydnniine rod S (t’as.) 

Oxamino violet, pat. (Bad.) 

•Palatine lake Hcarlet 0(1, (» (Bad.) 

•Paper yellow 3(1, A (Bad.) 

• „ till extra (B.) 
•Farniiilraniline extra bluish (II.) 

• „ S(H.) 

•Patent l)lne 1., A (H.) 

Peri wool blue IHJ, G (Oas.) 

•tPennaiient red OB j)aste (A. B.) 
•IMjosphiin^ UUK, (10 extra (A. B.) 

• „ (id extra (H.) 

Phl<>xine BB, ’BA extra 0, BA extra, 
(lA extra 0 (U.) 


• .. BBN. G(Bn.l.) 

•Pigment Bordeaux R, N pante (H.) 

• „ chlorine GG (H.) 

•f „ chrome yellow L pJiste (H.) 

„ fast yellow R, G (H.) 

•t „ orange K (11.) 

• purple A (H.) 

•t „ redB.GdI.) 

•t „ scarlet 3H (H.) 

•Pluto orange G (H.) 

•Powder inagenUi AB, d.ark, A (Bad.) 
Primulino A (Kml.) 

(Cas.) 

•Pyraniine yellow G, 0 f. lakes (Bad.) 
•Pure blueO(H.) 

Qulnolin—Kc Chinolin 


•Rhodamtne B extra, S, G, dQ (B.) 

• „ B extra, 6Q (Bad.) 

• „ B extra, 0 extra (I. B.) 

• „ B extra, •extra B (H.) 

Rhodulinu heliotrupo B (B.) 

• „ redG(B.) 

„ violet (B.) 

Rose Bongale (A. B.) 

• „ „ NTO. NT(Bad.) 

•Unbin N (A- B.) 

„ \V(H.) 

•Safraniiie T extra, MN (Bad.) 

• BS, Sir.O((’ns.) 

• extra bluish (K.) 

• „ RRA(II.) 

•Scarlet GKL (A. B.) 

• „ for silk (Bad.) 

• „ 4GB, UUI., BO extra, dUB, .'iSfilO 

(A. B.) 

• „ GHl.O. dUL, III (A. B.) 

• „ GVb. r.7299 RL. IBGL. 44099 

(A. B.) 

• „ Gl., Ub, r>729S, 3UB (A. B.) 

• „ 2UI. (B.) 

• „ (J f. lakes, U, HU f. lakes, BN 

(Bad.) 

• Fit, EG ((’as.) 

• .. Ga.2R(.I.) 

• „ 2UX(A. L.) 

• „ GR, GRb, 2UI., 3UB,t ORLH 

(H.) 

• „ V, UL, UT,V, GR(H.) 

• ., U, 26174 (W.) 

Sky blue(l. B.) 

•Solid green I'll (I. B.) 

Sulfone yellow R oonc. (B.) 

TatJiiin hidiotropc (C^is.) 

Tartrazine (Basle) 

•Thiofiavin T (Cas.) 

•Tuniuoisj; blue G. GL extra, BB (B.) 
Oranine (A. B.) 

Vermilion scarlet R, G (A. L.) 

•Ve,envinc BL (Bad.) 

• „ 4B(r, cone. (H.) 

•Victoria blue K, B, 4R (Basle) 

• B(Bad.) 

• yellow cone. (H.) 

• „ pure blue B (Bad.) 

Violet 15 B 55 (W.) 

•Water blue U (H.) 

„ 3U (166A.3/F) (W.) 

Wool blue BB, R, 5B (A. B.) 

• „ „ N extra (B.) 

•Xylene blue AS (S.) 

•Xylidine ecarlet R (A. L.) 

Yellow green I, II, III (Bad.) 


AhhreTi/Uion» 


A. B.—Actiengegellwhaft f. Anilinfabrika* 
tion, Berlin. 

A. L.--Leipziger Anilinfabrik vorm. Beyer 
u, Ke^cl, Leipzig. 


B.—Bayer u. Co., Levorkusen>on-Rhine. 
Bad.—Badisebe Anilin* u. Soda-fabrik, 
Ludwigshafeii'On-Rhine. 

Basle,—Basler Chemische Pabrik, Basl^, 
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Cas.—L. CanselU n. Co,, Fraokfoft-on- 
Main. 

D.—Dahl n. Co., Barojen. 

0.—J. R. Goigy u. Co., Biwle. 

Jl,—Fai'bwerke voi'ni. Meister Lucius u. 

Hn’ining, IlboliHt-on-RIiiue. 

I. B.—tlou. f. Chem. Industrie, Basle. 


j.—C. Jftger, Diisseldorf. 

K. —KaJle u. Co., Biebrich on-Bhine. 

L. —Farbwerk Muhlheim vorm. Leonl—— 
u. Co., MUhlheim-on-Rhine. 

S.—Chemische Fabrik vorm. Sandoz, Baale. 
W.—Chcm. Fabrik vonn. Weiler-ter-Meer, 
Uerdingen-oD-Uhinc. 


[Owing to the great advance in lake-pigment making, already mentioned 
on pp. 4.')0 and 467, 

Indigo (Bad.), (H.), and the class of 

Siiljine colours, the most important of which are 

Byrol green (L.), Katigen green (B.), Katigen olive (B.) 

Pyrol blue (I,.), Katigen indigo (B.), immedial blue (Cas.) 

Pyrol yellow (I,.) 

Pyrol brown (L.), Katigen brown (B.), 
can also be used for manufacturing lake pigments..-'rRANsuTou.] 


ANALYSIS OP LAKE PIGMENTS: PEODXICING LAKES IN 
THE LABOHATORY 

The methods of testing for coal-tar colouring matters on the fibre as well 
as in the form of lakes arc very incomplete, inasmuch as the colouring 
matters .lo T.ot all give equally favourable results, no simp e characteristic 
reactions capable of sharply differentiating the individual members of a 
group of colouring matters having yet heeii <;laborated 1 he methods 
miblislied by K. IVcingdrlner in the Bulkim dc la Simclr dc ( lumic dcMulkome 
(December‘l8S(i) and the Chemiker-'Udung (1837, Nos. 11) and 12) enable 
the most important groups of colouring matters and tlicir individual mem¬ 
bers to be recognised in their original form ; but, generally, incorrect results 
are obtained when the same colouring matters occur as insoluble lakes. 
This fact is due partly to the cliange of character on precipitation, partly to 
the presence of a variety of colouring matters in the same lake, the reactions 
of the individual being consequently masked. Even if the nature-of the 
colouring matter were not changed by the precipitating medium to such 
an extent as to render the tests inoperative, the manner in which the 
insoluhle lakes to be analysed have to be dissolved must surely modify the 
chemical nature of the colouring matter. The presence of the solvent- 
strong sulphuric acid, alkalies, Sic.-must disturb the typn-al reactions, if 
they do not entirelv destroy them. Another dilhculty is the exceedingly 
large number of cdouring matters now used in the manufacture of lakes, 
which, while very similar chemically, often vary considerably in shade and 

other chief properties. , ■ r-_ 

Systematic testing after the manner of the qiialiUtive analysis of inorganic 
bodies is conscipieiilly still unknown in the chemistry of coal-tar colours, , 

• A ... a.lvmur in ll.c analysis at lake ,ni!.mu,ts may ''V marred to he„c 

It is (liven in the recent work Ikrimmunn ran 7«r/«W«(,./f« M.”. 

Zorr. 1907 (.DroKcien. Stemkopf u. Springer), an nuthurisvU biiglifth edition of which 
will w)0n bo [mblirthtid. [Translator.] 
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and will proliaUly never be established in such a complete (brni. The 
analyst is therefore restricte<l to cerbilu chemical reactions and typical 
indications sliared by the best-known coal-tar colours and their lakes— 
indications which, as already mentioned, do not always settle the ideiitiii* 
cation of a colouring matter, hut permit fairly reliable conclusions to be 
formed with regard to the group to which the colouring matter in question 
belongs. 

When the analyst, from the appearance of certain reactions, Iwlieves that 
a particular group of colouring matters is present in a sample of lake which . 
has to be matched, all that he can generally do is to check the accuracy of 
his opinion l)y making corresponding tests on the individual members of the 
group of coiouritig mutters in (|uestion. 

In modern colour works laboratory preoijntidions play an analytical part, 
inasmuch as, l)esides fixing the shad<! of a sample lobe matclied, they are 
also intended to detect the colouring matter which iinparls the s])eclal 
properties of the lake in qiiesllon. 'I'liis work is sometimes very ditlicnlt, and 
requires great patience and perseverance. 

In the analysis of lakes from coal-tiir colours generally, certain physical 
properties or the method of application may greatly assist in the classification 
of the colouring matter sought for. For instance, tl»e fact that a certain i 
lake will stand varnish generally shows that it does m»t contain colouring 
matters soluble in uleobol, a conclusion that sinits out whole groups—for 
instance, the basic colouring matters, nearly all the members of winch are 
dissolved by alc<»hol. The same applies to the degree of fastness to acids and' 
alkalies. The eharaetciisti<* colour of the lake under examination, its fast¬ 
ness to light, tile softness, tlie specific gravity, and other properties, too, * 
often allow a reliable conclusion to be fornie<l as to com])osjtion and colouring 
principle. The experienced analyst is able to distinguish a red alizarine lake, 
for instance, from an cosine lake immediately, or a pure viridiii green lake 
from a take obtained by mixing ; nor has he any difficulty in detecting with 
the naked eye, for instance, the often very slight difference between a lake 
from croeeine or scarlet and the true scarlet lakes. 

When, however, simple or mixed combined lakes containing three or 
more colouring matters are to be tested, the skill acquired by many years’ 
experience and exercise is less reliable. In such eases a true analysis must 
be made by means of all the reactions available. 'I'here are but few reactions 
which are apiilicable to and give reliable results with all the coal tar colouring 
matters used for lakes—viz., the bcliaviour of the lake 

(rt) 'Fowards alcoliol; 

(6) ,, acids, especially strong sulphuric acid ; 

(c) „ caustic so<la; 

(d) „ the reducing pro{)erty of a solution of hydrochloric acid and 

tin salt. 

The following table explains the reactions of the chief coal-tar colouH 
with the chemicals named. It must, however, be mentioned that the speci¬ 
fied colour change produced with some lakes, as well as their solubility in 
alcohol, may utulergo considerable modification in precipihition or by the 
special nature of the carrier used. For examjde, the barium cldoriile lake from 
pigment scarlet SB (Hbchst) is totally insoluble in alcohol, whilst the tin 
lake is fairly soluble in absolute alcohol. 
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- .n using the table it should be remembered that the reactions mentioned;, 
lor combined lakes containing two or more variously shaded acid cotihtar 
colours inay be masked by the difTereni behaviour of the components, and 
therefore rendered inexact. This tiisadvautage is less noticeable wlien 
combined lakes from acid and basic coal-tar colours are present, since the 
latter are mostly soluble in alcohol, and the remaining acid lake can after- 
vards be treated with sulphuric acid or caustic soda. Hence for this kind 
of lakes tlie results given in the table are fairly reliable. 

The analysis of a lake pigment, so far as concerns the detection of 
the colouring matter by tiie aid of tlie foregoing table, is performed in 
the following manner: 

I. Treatment with Alcohol 

A small portion of tlie bike in (pu'stion is sprinkled with absolute alcohol 
in a test tulie, and the mixture is slightly wanned for some time. If a 
coloured solution is formed, it is fillereil from the residue, and the clear 
liquid is examined by transmitted and reHeeted light. Aeeording to the 
strength and colour of the alcoholie solution, aiul the presence or otherwise 
of a greenish, bluish, or redtlish fluorescence, especially by reflected light, 
a preliminary conclusion can be formed with regard to the colouring matter 
in question. The alcoholic extraction is repealed until complete —i.c., an 
long as the alcohol becomes coloured—tlie extracts being then united and 
the alcohol carefidly evaporated. 'Phe residue of isolateil colouring matter 
is dissolved in water and examined further. Sometimes the alcoholic solution 
should lie diluted with half its own volume of distilled water, and the 
mixture lieated until the alcohol is completely expelled, leaving tlic colour¬ 
ing matter dissolved in the water, or in the solid form if insoluble in the 
latter. 


2. Treatment with Strong Sulphuric or Hydrochloric Acid 

When the alcoholic extract leaves a perfectly colourless residue, this 
latter is tested by the usual methods of analysis. 

A coloured residue from the alcoholic extraction, or— when the colouring 
matter is totally insoluble in alcohol—the pure hike, is treated with strong 
sulphuric acid, and heated, if necessary, until the lake is entirely decomposed. 
This operation, besides modifying the colour, usually effects the decomposi-; 
tiort of some of the ingredients of the carrier, such as alumina, starch, &c., 
and artificial or ordinary barytes (when present) is partly dissolved by the 
concentrated sulphuric acid. A cliange of the colouring matter from red or , 
orange into carmine red, Bordeaux red, raspberry, Baris blue, indigo blue, 
green, or yellow, or from blue into red, orange, yellow, grey, or black, or 
finally from green into yellow, orange, brown, &c., gives a fairly good , 
indication as to the nature of the colouring matter in question. 

After the change of colour has been carefully observed the sulphuric ■ 
acid solution is {wured into a beaker containing a suitably large quantity of 
distilled water, and examined to see whether the colour 

(а) Resumes at once its original shade ; 

(б) Disappears {lartly or entirely ; 
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(c) Resumes its original or assumes another colour after prolonged 
standing; 

(d) The original tint in (n) and (c) is restored direct or after passing 
through various other shades. 

All these characteristic signs may be exliibited by the various groups of 
colouring matters or by their individual members; and, in conjunction with 
the reactions described above, will enable an accurate conclusion to be 
drawn as to the class to which the colouring matter belongs, so tliat there 
will be little difficulty in tracing its commercial name. 

The following reaction, whi(;li is sometimes also given by tlie corre¬ 
sponding lakes, is decisive in the case of many (especially l)nsic) colouring 
matters. It consists in the faculty of many coal-tar c(>iours of cliaiiging back, 
after being decomposed by sulphuric acid and neutralised by alkali, cither 
into the original shade or into another more cliaracteristic one. 'I’iie 
rcaetioii is more definite when the soliilicui in strong sulphuric acid is care¬ 
fully neutralised with caustic soda, the mixture being cooled and shaken for 
some time with a large (piantity of ether. Afler standing a while the ether 
forms a characteristically coloured zone on tlie surface of the licjuid. 'I his 
test should always be applied in addition to the others mentioned, since it 
enables, for instance, magenta to be clearly tiistingiiished from safranines, and 
certain basic violet and green colouring matters from similarly toned aci<l 
colouring matters. 


3. Treatment with Caustic Soda 

Another .sample of the lake to be tested is warmed with iiO per cent, 
caustic soda, which generally decom|)oses the lake completely. In this ease 
also certain of tlie carrier ingredients, especially alumina, are dissolved, whilst 
othei’s, sucli as barytes, gypsum, artificial barytes, lead suljihate, clay, red lead, 
&c., are unchanged. The treatment of the lake witli caustic soda is of slight 
importance with regard to the identification of the lake, since few of the 
coal-tar colours resist the influence of caustic soda so as to afford any 
especial characteristic indications, most of them being completely decolorised 
or destroyed. It is only in the case of a few vegetable and coal-tar colours 
that anything like the original ora similar colour is restored by neutralisation 
with dilute acids. 

Most colouring matters which have to be developed on the fibre, and. 
some of the new pigment colouring matters, are not deconi|>osed by caustic 
soda when certain conditions are observed. Red for lakes P in paste (Hdclist) 
is coloured a bluish red by caustic soda. 

Nevertheless, the practised analyst, by observing the changes produced 
by caustic soda in conjunction with the results of the alcoholic and acid 
tests, will be able to draw many valuable conclusions, and therefore the 
soda test—apart from its value in identifying the carrier—should never be 
omitted. 

4. Treatment with a Solution of Tin Salt and Hydrochloric Acid 

What has already been said with regard to the reaction with caustic soda 
is more or less applicable to the reaction of lake pigments with tin salt and 
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hydrochloric acid, most lakes being hereby temporarily or permanently dii-' • 
coloured. The reaction, however, sometimes affords reliable indicutioi^ of 
the nature of the colouring matter under examination. The test is applied 
in the same manner as that with caustic soda. 


It has already been explained that the above methods will rarely identify 
all the colouring matters in a combined lake, except in a few very simple 
kinds. Generally the colouring matter used in m/ikiiig the initial l^e 
can alone be detected, whilst those used for siiading—a knowledge of 
which is very important in matching the lake—can rarely be identified, 
especially when a mixture is in question. Even if such were possible, how* 
ever, the proper examination of a sample is often rendered difficult or impos* 
sible by other circumstances. For instance, tiic sample supplied is frequently 
too small—a scrap of paper with a little of the colour printed on it. In 
such cases additional means have to be enqdoyed, the best of these being 
comparison with a large collection of standard types, the examination being 
extended to other properties as well as a)>pearance, viz., fastness to light, 
alkalies, and acid.s, covering power, softness of grain, resistance to high tem¬ 
perature, behaviour under varnish, &c. 

Tile dandnrd also play an important part in checking the results of 
analysis. By their aid it is possible to repeat llie characteristic reactions of the 
colours to which theresultsof the anal 3 'sis seem to point as I)eing present. Such 
a collection of standard types can he prepared by the usual methods of 10 per , 
cent, and 20 per cent, precipitations of the chief coal-tar colours mostly used 
for lake-making on a white carrier (gencrallj' barytes). When the analyst is 
of opinion that a sample is compounded of certain colouring matters, he 
mixes the corresponding standard types first without regard to the shade, 
and tests this mixture by the same reactions as were applied to the sample. 

The analy.sis of the carrier is a comparatively easy matter, and can be per¬ 
formed whilst testing for the colouring matter by incinerating a dry or ground 
sample of the lake. In most cases a white residue is obtained, the relative 
solubility of which when treated with hydrochloric acid affords an insight 
into its composition, the soluble and insoluble portions then being analysed 
as usual. In correlating the results it should be remembered that the com¬ 
ponents of the carrier were not nece.ssarily introduced in a finished state, but 
may be secondary products. Barium sulj)liate, for instance, is often formed by 
the precipitation of a colouring matter with barium chloride in a solution con¬ 
taining aluminium sulphate. Experience will indicate which combinatiODS 
are likely to exist. 

The second partof the task, the synthetical imitation of the sample, can now 
be attempted,the first point being to determine the most suitable combination 
of methods for precipitating the various colouring matters in question, whiefc 
done, the requisite modification of the quantities of the colouring matters 
and precipitants in order to obtain the desired shade and brightness maybe, 
proceeded with. 

Ill these lalKiratory trials the same rules mu.st be followed as already laid 
down fully on p. .SitS. 

On account of the great variety of the lakes, their preparation in tW 
laboratory re<piiro.s far mote care than in the case of matching mint^ipi 
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raloun. It win seldom be possible to reproduce the reiiilts afterwards ■: 
In the works if the notes on the process are confined to particulars of 
the quantities and perhaps temperature of the solutions of the salts and 
colouring matters used. The nature of the raw materials plays an important 
part—^their purity, content of active substance, moisture, &c.; in a word, 
a number of facts which are very often insufficiently considered, especially 
by those who have had no chemioil training. It often happens that lake 
pigments manufactured on the basis of laboratory experiments differ 
from their prototypes in brightness, and generally this fault is attributed 
to errors in weighing out the colouring matters. Should the same result 
occur (perhaps in a greater degree) with the next Imtch, the weighing 
of which has been carefully cheeked, the manufacturer is often puzzled, and 
in such event generally ascri!)es it to a “ laboratory error,” which he then tries 
to correct by adding more colouring matter, thus increasing the cost. The 
real cause of the trouble is, Imwever, generally th(‘ different raw materials 
used in the laboratory and the works resj)cetivcly. Certain salts and colour¬ 
ing matters when kej>t in the lalMirutory will get dry, whilst others absorb 
water from the air, thereby undergoing considerable alteration, so that the 
formulw elaborated witli much care and trouble in the laboratory either give 
quite different results, or must he entirely changed. It is therefore advisable 
to change tlie laboratory stock whenever a fresh siipjily of raw materials is 
laid in, or else to repeat the laboratory experimetits with the raw materials 
in stock at the works on a somewhat larger scale before the lake is actually 
manufactured. 

This precaution is the more advisable in the case of pasty raw materials, 
like artificial barytes, alumina, lead sulphate, vSic., the moisture content of 
which has not been recently determined. If the percentage of dry matter 
be ascertained before the colour is manufactured in the W'orks, and the 
quantities readjusted accordingly, much time and trouble may he saved. 

The laboratory work can also be considerably simplified if successful 
samples (whctiier tliey match the pattern or not) be kept for subsequent 
occasions. For this purpose, of course, the experiments must be numbered 
serially, so that when a similar pattern comes up again the experiment 
in question may he referred to. Samples of this kind often prevent great 
waste of time, owing to the possibility of identifying a colouring principle 
in a pattern of unknown composition by the comparative reactions of pre¬ 
vious samples. In the same way a lairly correct idea can he obtained of 
the various pliysical properties of the lake (covering jM)wer, fineness, fastness, 
brightness, ^c.) and tiie approxinnite composition of the carrier. 

The notes made of tlie laboratory work cannot be too ample. Besides 
the quantities of water, temperjilure, re.siilts, iScc., the exact names and 
makes of the colouring matters used should he alw'ays fully stated, as 
well as any characteristic indications, such as changes of tone according 
to the working temperature, and changes produced by storage, drying, &c, 

. ... The yield of lake must always be noted exactly, since this being of 
■/ the highest importance in ailcnUtiiug the cost price, any error may result 
, in serious pecuniary loss. Laboratory calculations, however, are always 
' merely approximative, the true criterion being the yield obtained in the 
., works. This may differ considerably from the laboratory result, for various 
':'fea8bns; for instance, the loss of colour adhering to the filter cloths, sieves. 
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mortars, &c., is considerably higher in the, laboratory than in the works. 
Consequently, except for errors in manufacture, a higher yield is always 
obtained in working on a large scale. 

Whereas, with reasonable care, there is little risk of serious error in 
calculating dry lake pigments, the lakes in paste require constant check¬ 
ing. The variations in the water content, especially when smaller than 
allowed for in calculating, may result in very serious errors. Here again, 
therefore, the laboratory results must not be relied on, but each batch 
on issuing from the press must be carefully tested for the percentage of 
water present. 

The calculation of cost prices plays a most important part in the pre¬ 
paration of lakes in the laboratory, for it may easily happen that when a 
sample has been matched at great trouble the calculation process shows it 
to be too dear, and in this case, of course, further laboratory work must be 
repeated until a cheap enough product is obtained. A thorough knowledge 
of the prices of the raw materials is therefore an essential preliminary to 
facilitating work in the laboratory, and the practice of some manufacturers 
of keeping their technical assistants in ignorance of these jM’ices, from the 
fear that they might get to learn too much about the business, is one that 
merely results in injury to their own interests. 





E. -THE USES OF COLOURS 

The manufactured colours arc cldcfly used in two different ways: either 
they are incorporated with a vehicle and spread over the surface of the article 
to he colcnired (“ painting "),or they are introduced—alone or in association 
with other suhslances—into the mass of the body to he coloured, and in 
some CJiscs chemically eoinbiued therewith (‘Slyeinj^ ”). 

Painting may be divided into two classes; <n*dinary (painters and 
decorators) and artistic painting. According to the method of treating the 
pigments, the printing industries and the fancy paper branch may also be 
grouped with this class. Animal or vegetable fabrics, wood, leather, paper, 
iS:c.,are ^‘ dyed. ” in painting, the finely divided dry pigment is applied in a 
liquid vehicle ; in dyeing, the eolonring matter is introduced in a state of 
solution or suspension into the body to he dyed, or else is developed in 
or upon it. 

In painting and similar applications almost any kind of colours can be 
used, though some are better adapted for certain purposes than otliers. In 
painting, however, the vehicle is of special importance, and greatly influences 
the effect and durability of tlie colour; in fact, the vehicle is the pre¬ 
dominant factor, for any given colour will not work equally well with all 
vehicles. 

Colours may also be applied without any vehicle at all—for instance, 
writing or drawing with lead pencil, the colouring principle of which is very 
finely divided plumbago, or with a colour-pencil of white or red chalk, or 
crayon; or, again, with certain soft metals—lead, antimony, The 

resulting marks are the l)righter in proportion as the surface is rougher; 
but they arc not durable, being easily rubbed or brushed off. The only 
way to fix them is to app'y a fixative, such as a weak solution of resin in 
ethereal oils or volatile solvents, which dries on and in the substratum, and 
covers the colour with a protecting layer or film. 

In painting, the colour and vehicle are intimately mixed together, and 
applied together upon the material to be painted, the colour being fixed 
on the painted surface by the ^'drying” of the vehicle, which has to some 
extent penetrated into the material. 

I. Fainting 

Painting may be divided into two classes, industrial and artutic —a dis¬ 
tinction, however, of little imjwrtance, so far as our technical treatment of 
the subject is concerned, since in both cases the method of painting is 



fundamentally the same, even though a numl)er of refinements have been 
introduced into the higher branch. 

a. Fainting in Oils 

The most important method of painting, both fur industrial and artistic 
purposes, Is painlivg hi oik, because it gives the most durable results. A 
number of oils have the pro|>erty of drying in the air and forming a viscid, 
gummy mass, which afterwards becomes more or less solid. According to 
recent investigations, this traiisfonnation consists of two phases: first, an 
oiidatioii, i.e, an absorption of a ponderable amount of oxygen from the air; 
and, secondly, a poli/merisation, i.e., a condensation of the molecules. 

'I’he most important dri/iitg oils are, first and foremost, linseed oil, then 
wood oil, nut oil, poppy oil, and hemp oil. For industrial purposes only the 
first two are used; for artistic painting the last-named is sometimes employed, 
though wood oil is only very seldom used in this branch. 

If the raw oil were mixed with the colours and applied to the surface to 
be painted, the drying process would, it is true, proceed, though much more 
slowly, but the thin oil would penetrate more or less extensively into the 
material (accoixling to the nature of the latter), and thus separate from the 
colour. This would, on the one hand, result in a more perishable coating, 
partly deprived of its vehicle, and, on the other hand, the oil would form 
objectionable greasy lines on the contours of the painting. 

In order to avoid this, the raw oils are made into varnishes for use in 
painting. Varnishes are drying oils which, by exposure to temperatures 
between 150° and 3^0° C. (sometimes assisted by added resins or metallic 
compounds) are converted into a viscous and j)artly oxidised and polymerised 
condition, in wliich they not only dry better and more quickly, but also form a 
more effectiial envelope for colours and a more workable paint. I’hc metallic 
compounds used in varnish-making are lead compounds (lead oxide,litharge) or 
manganese compounds (manganese liydro.vide, manganous Iwrate), also salts 
of fatty acids and resinates, a distinction being drawn between lead varnishes 
and manganese varnishes. 'I'he consistency of viirnishes can be modified at 
will, the viscosity increasing with the duration of boiling. Concentrated 
compounds of lead or manganese with linseed oil (so-called soaps), which are 
then dissolved in oil of turpentine, have the property of accelerating the 
drying of paints. Such solutions—even the solid compounds, lead or man- 
ganese linolate, manganese borate—form part of the painter’s stock-in-trade, 
as so-called " driers.” Should the treatment with these substances make the 
varnish too thick, it can be reduced or thinned, chiefly with oil of turpentine. 

In boiling varnish care must he taken that the product turns out as 
light and clear as possible. A good varnish when spread on white paper 
should dry to a glossy, pale yellow, transparent coating, without any oily, 
stain round the edges. Oil tliat luis been overheated and overlwiled, 
particularly with driers, gives hard and often blacklsh-hrown varnishes, 
which are, of course, unsuitable for lighter paints. 

In order to impart gloss to the paint, tacipier varnishes are used. They ' 
consist of a hard resin, |Mirticularly oojwil, dissolved in linseed oil varnish,* 
and are then called oil lacquer vamishe.s; but when a volatile solvent is , 
used—c.g., alcohol, or oil of turpentine, acetone, lienzene, &c.—a spnrii varmh 
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obtained. Varnishes of the former class are added to the paint itself 
Whereas those of the latter are applied over the dried coating of paint. 

For inferior purposes cheaper products, such as resin oil and mineral oil, 
are also used for making paint. 

An important operation in the preparation of ready-made iiaint is the 
mixing of the colour and the vehicle. The old-fashioned method consisted 
in mixing the powdered pigment and vehicle by means of a broad, flat, 
handy tool—e.g., a mullerof suitably formed .stone, china, glass, or earthen- 
ware-till ,i perfectly homogeneous paint was produced, tlie consistency of 
winch could he controlled at will hy the addition of more or less strong or 
thill varnish. Ihis method, however, is only suitable for small (luaiitities— 
e.g., artist s colours ami decoration work. Where larger ipiantities of colours 



•are to he ground machinery, often of a very complicated character, is used 
Ihcsc mills are classihed into mixing machines and finishing mills, the latter 
converting the mixture ol colour and vehicle into a perfectly uniform and 
impalpable mass, the particles in which cannot be deteeted'with a magni- 
lying glass. ® 

The laiffiag and knemihg machines consist essentially of round or angular 
vertical or horizontal receptacles, the mixing troughs, fitted with revolving 
stirrers, worked by hand or ,a.wer. The varnish is placed in the trough and 
the .stirrers (flap.s) set m motion, the corresponding quantity of dry colour 
being then gradually added. When the mixing has continued for some 
time a rather crumbly, lumpy (or even slimy) mixture is generally 
obtained, in which colour and vehicle have been brought together into a 
tolerably uniform mass, but not yet smooth and finely divided. 

Figs. 98 and 99 show mixers of this kind for large works In recent 
years certain engineering firms who make a specialty of mixers for various 
trades have carefolly studied the best form and most suitable disposition of 
the stirrers for difierent purposes. It is evident that a mixing machine wUl 
have a very different task to perform, for example, in mixing light amorphous 
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lampblack with thin painter's varnish, and incorporating the heavy sub 
stance white lead with a mixture of linseed oil and dissolved resins (of the 
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»» »■•« ^-ith tiltinK troughs 

to facilitate ,l.sch«r«ing tlie contents. In the position illustrated the 
whole trough is tilted forward 90 degrees. The mixing blades continue to 
run whatever the position of the trough. ” * ^ ' 

Fio. 101. 



know for whafspedarpurI!Iitl"iris'l4uM^^^ •xlvisahle to let the maker 

' mills™ T.;e: - ::«.:r“ iSL^Sir 

•conical gnnding surfaces, or are roller-maeliines, i Jhieri^ 

Sume‘»m“ O'- 'o"« 

..For this reason they are generally worked’by hand. Their worklig 
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capacity is low in all respects, and their use is attended with certain incon¬ 
veniences, since they are diflicult to clean and have to he taken apart for 
this purpose. Hence they are only used in small works, and by painters 
who mix their own colours, though they are also preferred for making 
artist's colours that have already passed through the j)reparatory stage and 
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are ready for mixing with linseed oil to obtain the buttery consistency 
requisite for tube colours. 

The construction of cone mills v.aries considerably. Round the bottom 
of the hopper is a fixed ring in the form of a crown, the lower grinding 
surface of which faces the movable grinding cone. The cone is tnrned to fit 
accurately against the stationary grinding surface, and the distance between 
them —I.C., the fineness of the grinding—can be regulated by a screw. The. 
colour forced out between the grinding surfaces by the rotation of the cone is 
removed by a scraper and collected in a channel. The hopper is sometimes 
fitted with a mixer, .so that the mill will then serve a dual purpose. The 
mixing and grinding mechanism are operated simultaneously, but in the 
ScImM cone mill the mixer can be used by itself by shifting the drive on to 
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a pulley for that pur}K)Se, the movement of the blades being reversed. The 
Palmi^ cone mill is made to work under atmospheric pressure, and is there¬ 
fore fitted with air-tight joints. These macliiiies, like those in which the 
material is pressed between the grinding surfaces by means of weights, 
have cylindrical hoppers. 

For colours which must not be brought into contact with iron, mills are 
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made with porcelain grinding surfaces; but the grinding surfaces have to be 
plane (not conical), and easily changeable. 

The cone mills may be driven from above or below. For certain pur}>oses 
these mills are also provided with heating or cooling devices. 

A far more important grinding machine i.s the roller mill, 'Hie simple 
form— i.e., the two-roller miU—is, however, seldom used, the type generally 
employed being that with three rollers on the saiue jilane. 'J he rollers are 
of equal length and diameter, and run at difi'erent speeds by means of 
suitable gearing, the front or middle roller aI.so receiving a reciprocal, 
horizontal motion, which increases the grinding effect. 'J’he rollers are 
either of iron (usually chilled castings) or stone (porphyry), according to the 
requirements of the material to be ground. For special cases hollow rollers 
are used, to be cooled or heated by a circulation of water or steam. Heating 
is rarely necessary in |Kiint grinding, though cooling is often de.sirable in the 
case of organic colours (lake pigments) which cannot without injury to ilieir 
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colour sUnd the heat always generated when the milts are kept running 
continuously. Cooling is often advantageous, too, when colours are ground 
with liquid vehicles (oil of turpentine). The material is fed into a hojpper 
mounted in such a manner above the centre and back rollers that the mixed 
colour-pulp runs down between them, and is ground a first time. The 
centre roller then transfers the colour to the front one (second grinding), and 
the paint is taken off this front roller by a scraper, and runs down a shoot 
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into a collecting vessel. Sometimes the ho})per is fitted with a mixer, which 
is driven concurrently with the rollers. 

The relative jwsition of the rollers can be adjusted by means of hand- 
wheels (Fig. lOii) to modify the fineness of the grinding; but it is essential 
that the rollers should be set absolutely parallel, or uneven grinding will 
result. 

A small three-roller grinding mill, worked by hand, and mounted on a 
table, is shown in Fig. 102. Figs. lO.S and lOl show the construction of 
heavy patterns for jxvwer driving, that in Fig. 104 being fitted with the 
cooling device already mentioned. 

In large works which have required extension, grinding mills of various 
form and great power have been constructed. 

Still more jwwerful machines are the types illustrated in Figs. 105 arid" 
106. Fig. 10.') represents a machine which really consists of three mills 
mounted one above another, Kaeh set of triple rollers is arranged on g 



t«glii§Ei^ 6 f M 

different plane, and in such a manner tliat the material issuing frwft the ton 
set flows down direct on to the middle set, where it is again ground, and 
thence on to the bottom set, being fliially discharged into the collecting 
vessel. The previously mixed colour is pumped up into the feed hopper, 
situated about 10 ft. above the floor level. 

Fig. 106 shows an eight-roller mill. The feed hopper is mounted between 
the two centre rollers, and delivers the colour at both sides to the double 
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set of four rollers, so that th.; machine is practic.diy a double mill. The 
ground colour is discharged at both sides of the mill. There would be no 
difficulty in mounting the eight rollers in two vertical sets of four, or having 
two eight-roller systems one above the other, and thus obtaining larger and 
more powerful double mills. Machines of this kind are mostly employed in 
large printing-ink works frrr turning out " news ” inks for rotary presses. 

If, after having passed through the mill once, the colour is not yet 
sufficiently fine, it is put through the same mill again, the rollers being 
set closer together. Devices have also been constructed for automatically 
returning the ground paint to the feed hopper. ' 

No definite figures can be given for the proportions of dry colour and 
vehicle. The determinative factors include not only the different specific 
gravitiea of the colours, but also the difference between the specific ^avlty 
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of the vehicle and that of the pigment, as well as the purposes for which the 
finished products are intended, the method of application, and many similar 
conditions, and finally whether the colour is to be wholly or only partly 
finished. 

We have noticed the mixing and grinding mills in the section on oil 
colours, because this is their special and almost exclusive sphere of practical 
application. Oils and varnishes are materials which will stand the heat 
generated by quick-running rollers, whereas water would evaporate very 
quickly and increase the difficulty of maintaining the consistency of the 


Fig. IOC. 



colours. The resins, soaps, waxes, and most ethereal oils compounded with 
oil in making different varnishes will also stand~and often require—grind¬ 
ing on hot rollers. In cases— e.g., oil of turpentine—where this is not so, 
the cooling devices, closed lioppers, lS:c., already mentioned should be 
resorted to.* 

The chief vehicle used for ordinarif paiids is linseed oil wliich has been boiled 
with litharge (boiled oil), or has acquired the consistency of varnish by admix¬ 
ture with certain varnish preparations or by thorougli stirring and storage 
(raw oil varnishes). Boiled varnishes are generally preferred, chiefly because 
a cold-prepared varnish never acquires the slight viscosity and workable 
character of the !)oiIed varnish, which causes the |)aint to distribute smoothly 
and regularly over the coated surface, and dries with a smooth gloss. On 

• The grinding lailla reproduced are made hy J. M. Lehmann (Dresden) and G. 
Eckhardt (Leipzig), who are si>ecia1)sta in colour mixers and miils. 
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the other hsml, cold>tna<le varnishes are better preservatives when applied to 
porous materials, such as wood, than the boiled varnish, which remains more 
on the surface. Opinions, however, are dividc<l as to the relative value of the 
two kinds of varnishes; and the fact that the varnishes themselves come 
from a large number of makers, an<l naturally deviate very considerably in 
their properties, renders dchnite tests ami conclusions ail the more difficult. 

In order to improve the workability of paints, they are thinned down 
with oil of turpentine. Oil lacquers (copal, amber, dissolved in linseed oil) 
are added to increase the gloss; and wax and similar bodies are used to 
produce a matt effect. For common work resin oil, and even petroleum, 
are mixed with the varnish, though at tJie expense of the durability and 
appearance of the paint. 

The ve/iivli’A' tixeil for artisf.\s colours arc, hesides linseed oil, such drying 
oils as hemp oil, nut oil, and poppy oil. Artists have their own ideas as 
to the advantages of using mixtures of the various oils and adjuncts, such ns 
wax,lacquers, driers, ^:c., lor various kinds of work, and then applying such 
mixed colours by their ow n methods, a great deal of j)olher being often 
made about the •^secrecy” of the whole afl’air. The adjuncts also differ 
with the varinus colours. Oil is by far the most important vehicle for 
artist’s colours, the reasons for this preference l)cing threefold. First of 
all pro])crly selected and j)re])ared oil colours give the most durable paint¬ 
ings ; secondly, the artist’s task is easier, because when working in oil 
colours he is enabled to judge the effect of the picture w hilst still unfinished, 
the .shade of the colours being the same in tlu* wet state as they will be 
when dry; finally, oil is the only medium enabling the colours to he applied 
side by side or su[)erimposcd— i.c , as transparent or opaque colour—without 
a change of vehicle. 

The durability of (ul pictures is explained by the fact that the oil 
vehicle remains in its enfirety wlicn dry. As already slated, the oil dries 
in the air by an oxidising process witlnuit evajx^raling. 'J’he vehicle occuj)jes 
llie same space when dry as it did in the fresh colour, so that no alteration 
occurs in the interior of the colour layer, as is, for example, ihe case with 
water colours, where the whole of the water evap<»rates, and the coliesion of 

I ltbe colours is lessened, jtarticularly when laid on thickly, and a tendency to 
I peel off and crack results, 'rriie, cracks are also fornjcd in oil paintings ; but 
this is generally due to defective metliods of painting, or the exposure of the 
picture.s to detrimental inHueiices. Thus, when driers rich in oil r»f turj)en- 
tine are added to the pigment, the partial evaporation of llie oil of 
turpentine and the artificially accelerated drying have an Injurious effect. 
Similarly, the durability of oil paintings is lessened if they are exposed to an 
alternately dry, cold utmospliere arul one that is warm and moist, or are 
frequently exposed to the direct rays of the sun. 

Like all organic matters, the dried vehicle (linoxin) of oil paints is 
unable to withstand all atmospheric influences permanently. Resides crack¬ 
ing and wrinkling, a dulness ami sjxittiness of tlie painting are sometimes 
observed. The colours also gradually darken, and the vehicle perishes and 
separates, in the form of scales and p(»wdcr, from the underlying surface, 
the colour, of course, coming away at the same time. 'To prevent this, 
attempts are made to protect the paint by a coating of resinous varnish, 
which is easily removed when perished, and can then be rcj))aced by a fresh 



554 COtOUJS 

coating. ' On the other hand, regenetalm processes have been devised bin 
the basis of Pettenkofers method, the cold vapours of alcohol or ethereal oils 
in closed cases being allowed to act on the surface, or the painting is “ fed ” 
by resins (especially copaiba). Biiihier Pf (inner zu Thai has extended this 
process by treating the pictures, before the vaporising process, with a‘ 
mixture, Phahus A, consisting of copaiba, vaseline oil, and ethereal oils, 
the vaporising treatment being then apjdied with oil of turpentine, chloro¬ 
form, and camphor. 

Further particulars on the regenerative treatment of oil pictures can be 
found in the pamphlets on this subject by Pelienkofer (Fr. Vieweg undSohn, 
Brunswick) and firtWner (Staegmayer, Munich). 

Certain special oil colours may now be mentioned. The resin-oil colours 
contain, besides linseed oil, a copal or amber varnish ; also copaiba or Venice 
turpentine and similar resins. 'I'he resin-oil colours, among the best knowi\ 
of which are tlie so-calle<l Mmsini colours, are highly appreciated for drying 
smoothly and clearly without wrinkling. They arc, however, far more difficult 
to regenerate tlian oil colours. 

Ltidivig, the well-known artist, invented painlin^ with pelro/eim colours, 
which contain petroleum (boiling-point to 315“ C.) in .addition to varnish 
and linstfed oil. The effect of tins addition is to soften the colour, make it 
more easily workable, and also to retard the drying process, so that the: 
painting remains moist for a long time if kept in the cold. Sliould the 
picture then dry, Ludwig advises that it should be exposed to moderate 
warmth. Wliilst the mineral oil unquestionably imparts greater softness to 
the colours, the second factor—namely, the <Iryiiig capacity of the colours 
and the control according to temperature- seems to he based on a sophism. 
Mineral oils do not “ dry," and oils of over C. boiling-point evaporate 
only very, very slowly, if at all, even when gently warmed. When there is 
only a little petroleum in the colour, and the latter is inclined to dry 
quickly—say from the presence of driers or a lead colour—the petroleum 
will probably be harmless, since it penetrates into the substratum or is 
enveloped by the drying film of paint. On the other hand, a large quantity 
of petroleum in slow-drying paints will certainly be a defect in any circum¬ 
stance. The so-called enamel colours, chiefly sold for ordinary pjiinting, dry 
with a very high gloss, and to a certain extent imitate enamel. They 
acquire this proj)erty through a particularly high proportion of resin (copal, 
amber, &c). 

As the oil colours dry with a certain gloss, they are unsuitable for 
decoration of large surfaces, because the dazzling reflected gloss makes the 
inspection of such a painting impossible. For such purposes the oil-vax 
colours, invented by Andreas MilUer, of Diisseldorf, are suitable, and these 
also find application for paintings. They liave a dull lustre, and are equal in 
durability to the oil colours. 

The application of these oil-wax colours, however, is less simple, inasmuch 
as they do not dry with the same intensity shown in their fresh state. Lighter 
colours become brighter, but dark colours are darker and duller when dry, 
though they do not darken afterwards or show any tendency to crack. 

I'he colours for artistic and industrial painting arc sold in both the d^ 
and ready-mixed form, the Utter preponderating. 

Many artists and painters are accustomed to grind their colours themselvai 
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Wth the vehicle, and the former especially observe a great deal of " secrecy ” 
respecting the proportions of the main vehicle and the adjuncts. Almost 
"** system, which he exercises personally and keeps 

Strictly secret. Owing to the defective knowledge generally prevailing in 
artistic circles regarding the chemical and physical properties of colours, 
vehicles, &c., many of these methods are of highly problematical value, and 
tt 18 a very regrettable fact that many important art productions suffer most 
grievously from the wrong treatment and application of the painting 
mterials, and soon lose the brightness and intensity of the colours, crack, 
darken considerably, and peel off’. An example in this respect is afforded by 
■ "'“'■hs of the great Viennese painter Ham Makati. 

Of equal importance with the correct choice and treatment of the ccloure 
and velne e is the consideration of a suitable painting surface, it being 
essential that the material used in painting and that on which the paint is 
applied slioiiUl be niiitiially siiitalile, whether artistic or industrial painting 
IS in question. 'I'liough these purely practical considerations were tbrmerlv 
neglected by artists, endeavours are now being made to urge their import¬ 
ance upon them when students, t'heinieal experts have treated these 
questions minutely by valuable contributions to the professional press and in 
tlie form of special treatises,* and special instruction is given by competent 
pfoiessors in art schools and academies. 

11 ^^^^"“"‘''‘^“^''■’^‘'“‘“hcGesellschaftfurlleforderungration- 

eller Malverfahren at .Vlunich has been occupied for years with this subject 
the leading members being ilistinguished chemists who have devoted much 
thought to the chemical and physical basis of the question. How and 
_ with what shall one paint .> And, thanks to their influence, a teaching 
ffCentre and an experimental laboratory for all ijuestions pertaining to ’ 

Versuehsanstalt mid Aiiskiinftsstelle fffr 
Msltechmk, has been established by the Bavarian Government. The above 
^society has also compiled a scale of mmml colours for oil painting which 
experience has shown to be the most reliable and permanent under th^ 
unavoidable infliienees of light, air, and atmosphere-provided, of course, 
that they arc properly manufactured, are perfectly pure and iinadiilterafed 
" *" “ I”''’!’*’'' '““""cr. The colours are as follows ; 

In,li I'f*''’ "'"m ycllo"’, cadmium yellow (darker shades) 

ferrirori Sienna, burnt ochre, red 

ferric ox de colours, vermilion, madder (alixarine) lake, cobalt blue, cobalt 
^een, ultramarine, the vanous Prussian blues, chromoxide green, green 
earth, umlier, asphalte, mummy, ivory black, lampblack. * * 

and fof oil Iiainting, the most reliable, durable, 

and most uniform in themselves. ' 

The German Association of Painters also recommends its members to 
pay greater attention to the quality of the materials, and has acquired a 
central experimental station in the laboratory of Hr. Atmel, in Kiel, 

-V<d u. himlrmiad „. ,7,re Vmvndvnu in der 
MalUcktai by Dr. Fr. I.mke (Stiiltgart, I’. Niff, 1 S 04 ); “ Malerbriefc," bv I’rrf W 
Ostwalil (Afilrage sitr Throne n. Itfaris der Malerei) (l.«ipsig, IJirrel, 19041 ^ Terhnlien 
Halrrri md des Atulriches(Milmhen, Meyer,Vj06)"and 

■ J Aatiaiony white must also be classified here. See remark at a. 290. fTusver 
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These general remarks about oil painting are also applicable to all other 
points in the technics of paintings to which we shall revert later. 

The antithesis of painting in oils is 

h. Water-colour Painting, 

which is suitable for industrial as well as for artistic purposes, and makes 
use of a great variety of colours in a multiplicity of ways. The colours for 
water-colour painting are ground or mixed together with watery vehicles, 
ready for use, and diluted with water when necessary. 

The simplest form of water-colour painting, which is exclusively exercised 
for artistic ))urj)oscs, is painling in miter colours— (ujiuirelle. 'I'lie vehicle is 
a solution of gum arabic in w’ater. 'J'he resulting colours are divided into 
two main classes: transparent colours, for iraler colourpainlhig in the narrower 
sense, and opaque colours, i'or gnache painting. 'I'hc disadvantage of water¬ 
colour jwiinting is that colours once put on cannot be removed so as to allow 
otthe surface being repainted, the colouring particles being held firmly in a 
layer of the vehicle on the painted surface, while they also remain soluble in 
water even after drying. 'I’lic shade of colour also changes very considerably 
in drying, especially in thickly covered parts, the tone bceoniing duller and 
lighter. 

Water and guache colours are treated with small (juantities of diluted 
ox-gall solution, which fulfils the purpose of helping the distribution on the 
painting surface (paper, &e.), especially if somewhat greasy, and, on llie 
other hand, jirevcnts the water colours running together in small drops. 
The ox-gall, in fact, lessens the very high surface tension of the water, 
which is the cause of this tendency. 

Besides gum arabic, ilextrin, tragacantli, wliite of egg, and honey are 
also used us vehicles (soluble in water) for water and guaelic colours ; and the 
prepared colours are named accordingly. Distemper (or size) colours are 
largely employed for industrial use, and also for liigh-class and even artistic 
decorative painting. Both ordinary glue size and the purer gelatine are 
used as vehicles. As the size merely thickens in cold water, but does not 
dissolve, it must be boiled until it no longer shows a tendency to set 
hard on cooling. 'I'he same result may be obtained by heating the size 
with acetic acid, nitric acid, or zinc sulphate on the sand-bath, in which case 
colours sen.sitive to acids (wliite lead, ultramarine) are, of course, out of the 
question. I’he so-called Vereira colours arc prepared with isinglass dissolved 
iu acetic acid. 

The most suitabfe size is made from hides or leather, and it must be dry 
and free from any objectionable smell. Dark glue can only be used for dark 
colours the tone of which it does not hurt. To prevent the jmtrefaction of 
weak solutions of size or ready-made size colours salicylic or carbolic acid is 
added. 

Artificial sizes—cold sizes—which are mostly of vegetable origin, are 
sold as substitutes for size. Of these the glue made from potato starch 
is a very useful form, especially when mixed with true size. The other 
artificial sizes are mostly prepared from starch. 

A|wrt from the use of unsuitable brands of size, the appearance of size 
spots and the peeling of the painting arises from too large a proportion of 
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colours or from (Minting on an unsuitable ground. The surface to be (Minted 
should be freed from old disteni(ier and washed with soap and water. 
Exposure to strong heat (Hue walls, <S:c.) will also cause the siee colour to 
peel off. Gy()sum walls and ceilings are primed ibr sixe painting with a 
strong solution of alum, to which a little size is added. 

Water colours are sold in a dry .state in the form of small globules, 
cakes, &c. (Indian inks, &c.), or in a semi-Ii(iuid condition (moist colours) 
packed In little cu|)s or tubes. 'I'o retain this moist condition a little 
glycerine is added to tliese colours. Generally s|)eHking, all colours are 
suitable for the jireparatiori of water colours, bearing in mind, however, the 
exceptions already given in the case of acid vehicles. 

In order to remedy the defect, alreatly mciilioned, that water colours 
cannot be jviinted over because of tlicir solubility, various devic<‘s have been 
(>ro()osetl. W'hite of egg laid on thinly and cx}><)sed to the light becomes 
very sparingly soluble. When solutions of' size, gum, dextrin (or coloui^ 
ground in such solutions).are treated with a very weak solution of ()otassium 
bichromate, the resulting colours become totally insoluble in water. The 
applied colour can also be treated with formaldehyde vapour for the same 
purpose. 

Belonging to the water-erilour grou(> is JmUatt ink, which consists of a 
size jircjinred from fish and leatlier ineorj)orated witli very fine )am()biack 
and other ingrcciienls by a secret }>rocess. It is scented with camjibor and 
musk. 

c. Tempera Painting 

was a term originally applied to paints with mixed vehicles, but it is now 
used indefinitely for a number of methods. 

Generally speaking, we now understand by tempera such vehicle.s as can 
be diluted, in a fresh state, witJi water without necessarily forming a comjdete 
solution, but which when dry arc no longer soluble in water. In a certain 
sense they include the size and cgg-albmneu colours treated with potassium 
bichromate or formaldehyde, as already mentioned under water colours. 

Liquid and more or less solid materials which can be mixed with water 
so as to become a uniform Hiiid, w ithout (ja .sing into solution, are s/iid to form 
an “ emulsion.” 'I’lie formation of sucfi an emulsion is a characteristic feature 
of the tempera colours. A good example is afforded by milk, which has also 
been used as an addition to colour vehicles. 

The Lcclitter oil lemjyera colours —the use and advantages of which are 
described in a pamphlet, |>ossess the special feature of not darkening as 
oil colours usually do. Fnrtlier, they dry slowly and without any gloss. 
They are also of excellent covering power and brightness, and give very 
full and clear tones, especially when varnished. TJiey can be used on all 
surfaces, and form a good substitute for oil colours. 

In egg-tempera the yolk, which contains a colourless oil in the form of an 
emulsion, is stirred and beaten up with linseed oil. With water this niixtiire 
forms a stable emulsion that can be diluted at will. It makes a good vehicle 
for colours, and produces effects very clo.sely resembling those of oil colours. 
In the egg-tem|)cra the white of egg is also sometime.s applied, and the 
vehicle is rendered more fluid by an addition of acetic acid, the mixture 
being then strained through a cloth in order to exclude the loose cellular 



matter. Kgg-tempera is not very durable^ and in decomposing liberates' 
sulphuretted hydrogen from the sulphur contained in the white of ^g. ' 
Hence lead anu copper colours are unsuitable for this class of paints. The. v 
eggdempera colours dry with a semi-gloss— i.e., they are less glossy thaii oil ' 
colours, but more so than water colours. 

Another important vehicle for tempera painting is casein, the curd 
separated from skim milk when treated with an acid. When treated with 
water and alkali (ammonium carbonate, lime-water, borax solution), casein 
gives a thick viscous size (casein glue), which does not gelatinise. It may 
be used as a vehicle for colours, and becomes insoluble in water when dry. 
Casein paint applied to freshly-cleaned plaster surfaces gives casein-lime 
tempera, well adapted for fresco painting indoors; in the open air, however, 
tlie paintings are not proof against the influence of the weather {Gerhardts 
casein colours). 

When this egg-size and casein-tempera, or gum mucilage or white of 
egg, are well mixed and stirred together with linseed oil, poppy oil, nut oil, 
resin, fat copal-lac, Canada or copaiba balsam, turpentine, &c., an emulsion 
tempera is obtained, which can be diluted with water as desired, and 
furnishes a very durable and bright coating. It is evident, therefore, that 
the tempera colours can vary in composition to an extraordinary degree, and 
the same applies to their mode of application—on paper, wood, canvas, 
surfaces primed with oil or size, and fresh lime plaster. 

In the tempera emulsion the grains of colour are bound in a twofold 
manner by two vehicle.s, the oleaginous and the soluble, the honeycomb 
structure imparting special tenacity. The risk of cracking is consequently 
minimised. 

The ready-made artist’s oil colours sold in tubes are mostly prepared 
as pure varnish colours, seldom astempera colours.” In order to prevent 
the separation of the colour from the vehicle, inspiswiting preparations— 
for example, wax, resin, &c.—must be added to the oil, esjiecially in the 
case of specifically heavy colours. 

d. Mineral Painting 

In mineral painting only mineral colours and vehicles are employed. 
The three styles mu fresco painting, the al secco painting, and the stereochrome 
process. These may be regarded to a certain extent as branches of water¬ 
colour painting, water being always applied as the diluting agent. 

Fresco painting is one of the oldest styles, in spite of its difficult execution 
and the very limited form of pictorial expression. The colours are ground in 
water and applied to a surface of fresh lime plaster (alfresco), 'fliey penetrate 
to some extent into the surface of the mortar on the one hand, and on the 
other hand they are covered by the eiflorescent lime stratum, with which 
they combine while the mortar is hardening in the air. Lime mortar consists 
of slaked lime mixed with sand. On exposure to the air this mixture paita' 
with its mechanically retained and chemically combined water, and the 
calcium hydroxide is converted into calcium carbonate by absorbing carbon 
dioxide from the air, thus setting to a hard layer with the. sand. During, 
this process the water from the interior of the mass, and still containing^' 
Cttlcium hydroxide^ migrates toward the surface, and deposits her^ a thin .' 
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layer of uleium carbonate—>.e., on the top of the colours, that have partially'' 
penetrated into the mortar. Hence the dried colours are somewhat lighter 
in tone than when freshly applied—a fact that the painter has to take intor; 
(jonsideration. At the same time he must take care to choose only such 
colours as arc absolutely fast to lime—fast against the alkaline action of 
the calcium hydroxide—and also resist the effect of light and air. The choice 
of colours for fresco painting is therefore limited to a few kinds. The chief 
mineral colours are ochre, umber, terra di Sienna, ferric oxide, red chalky. 
green earth, cobalt colours, ultramarine, indigo, and vermilion. Of the' 
coal-tar caslours, brilliant green, malachite green, naphthol green, naphthol 
yellow S, azarin red S,and others are employed. 

A thoroughly dry wall that cannot absorb any ground water is covered with 
two thin coats of mortar, which must be allowed to dry in succession. The 
third or topmost layer represents the actual painting ground (itUonaco), 
and of this only as much material is prepared and applied to the masonry 
as the artist can paint within a few hours. As soon as the exuding water 
begins to deposit the di.ssolved lime in the form of a crystalline film, the 
painting ground is no longer fit for use. The surface which remains 
unpainted at the end of the day’s work must therefore be removed J and 
. similarly the only way to m.ake any correction in the painting is by cutting 
the portion of surface in question, out of the picture and re-covering it with 
mortar. On hot days the work must not be continued for more than about 
four hours after the mortar is in |)usition; in cool and damp weather a 
whole day. The total thickness of mortar is about 2 ins., but sometimes 
only J in. Freshly slaked lime is unsuitable for preparing the mortar; in 
fact, the longer the lime has been stored in the pit (two to three years) the 
•; better it is, the storage eliminating the dissolved salts (sulphates) which are 
detrimental to the painting. The sand must be quartz or marble sand, free 
from clay, and be previously washed with water. The ratio of slaked lime 
to sand depends on the "fatness” of the former, and fluctuates from 1; 2 to 
1; 4.. 

Fresco paintings are more durable in mild climates than in higher lati¬ 
tudes, frost having a detrimental effect, so that frescoes on walls with a 
northern aspect are quickly spoiled. VV^clls with an eastern aspect are 
preferred, those which are situated in halls or covered courts being still 
better. 

At seceo pniniing is |)crformed with mineral colours on a smoothly cleaned 
dry lime-mortar ground. It is more convenient and easier than fresco 
painting, but does not give such durable results, and is quite unsuitable for- 
the open air. 

Sgrafitto painiing is not painting in the proper sense of the word. It 
consists in applying a dark brown or black coat, which is then covered with a 
white layer of lime. The design is drawn on tlie white coat of lime, and the 
surface is then suitably scraped so as to reveal the dark background under-- 
■ neath; this is covered with the clear colours forming the picture. 

Ordinary lime washes for houses, walls, fee., are merely slaked lime 
coloured by pigments which arc fast to alkalies and mixed with water ready 
.for use. 

.y . The cold-water paiti/s, for ordinary uses, sold in the trade are either pre- 
' paration^ of silicate or mixtures of powiiercd cploqra and dry casein, Aey 
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can be toned with other pigments, and merely have to be mixed with water, 
enough being made up at a time for one day’s work. These paints dry dull, 
like wax paints. 

The so-called siHcaie paints consist of a basis composed of dry sodium 
or potassium silicate, pumice stone, slaked and dried caustic lime, light spar 
and felspar in a very finely powdered state, and mixed with lime-proof 
colours for use. 

Slereachrome painting was invented in the middle of the last century 
by Ftichs and Schloithauery of Munich, and employs silicates as a vehicle for 
the colours and priming. This style has also been cultivated by Kaulbach, 
and recently improved and extended by Kcim, whose process is described 
in the publication Keim's Mineral Painting. In this new form the stereo- 
chromic process is decidedly superior to fresco painting in durability. First 
a layer of cement lime mortar about J in. thick, is applied to the brick 
wall, and then covered with a priming layer ^ in. thick, which is supplied by 
the Steingewerkschaft Offensfclicn, in Munich, for use when mixed with water. 
Both these layers must be well dried before painting is begun. In order to 
remove the ol)jectionable film of calcium carbonate formed in drying, the 
surface of the {)riming layer is repeatedly treated with dilute hydrofiuosilicic 
acid and soaked with water. The calcium silicofluoiide thus formed pene¬ 
trates the coat of mortar, and afterwards forms insoluble compounds with 
the potassium silicate used for fixing—a reaction which imparts permanence 
to the colours. The latter are mixed with substances capable of forming 
the insoluble compounds in question, such as magnesium hydroxide, alumina, 
zinc oxide, Ac. 

During the progress of the painting the surface must be kept well 
moistened. The finished picture is left to get (juite dry, and is then fixed 
by repeatedly sprinkling (with a syringe) the surface with a hot silicate solu¬ 
tion, specially prepared for this |)urpose with caustic lime or ammonia, so 
long as any more solution is absorbed. The fixing process must take place 
in dry weather. Finally the surface is treated with ammonium carbonate. 

The materials for the whole process are supplied by the firm mentioned 
above. Of course, in view of the chemical action of the hydrofiuosilicic 
acid, the lime and tlie silicate, a suitable selection of corresponding colours 
must be made : for yellow, uranium yellow (barium uranate); for red, 
chrome red mixed with red lead; for blue, cobalt blue; for wliite, zinc 
white and artificial barytes. Zinc yellow, various kinds of ochre, violet and 
brown iron oxide are also used. The Keim colours are supplied as a thick 
{)aste, and must be dilated with w'ater. 

The encaustic painting of the ancient Greeks and Egyptians consisted in 
representing portraits on wood, ivory, and also stone, by means of wax 
coloured in the mass on the painted places. A kind of filling up” (cestrum) 
was used for this purpose, and the drawing was first executed in black, 
papyrus ash being used as the pigment (monochrome jiainting), the colours 
being applied later. The most suitable w'ax for this purj)ose is said to have 
been Punic wax. According to IVi/jy, the wax was applied cold with a 
brush (no doubt in the form of a solution), the drawing and painting of the 
wax coating with the cestrum coming next, and the colours in the wax coat 
being afterwards fixed by heat. In later practice the colours were stirred 
in melted wax and applied hot. 
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The discoveries made especially at Herculaneum and Poiuj>eii have 
shown that these encaustic paintings are more ]>ermanent than any others, 
many of them still retaining their jn’istiiie freshness, whilst frescoes and 
other styles have long since fallen into ruin. 

Attempts have recently been made to revive tliis process, which was 
abandoned in the earliest middle ages on account of its complexity, and 
Professor Cordenou has invented liquid wax colours which, diluted with 
petroleum or analogous dissolving agents, are »iid to be suitable for durable 
paintings even on the northern side of buildings, 'fhe coloui*s are painted 
on plaster prepared beforehand witli a special liquid, winch is essential to 
the success of the painting. The process can he applied to yainting on 
boards or plates, and painting on canvas, cardboard, paper, which must, 
however, be primed with chalk or plaster and size. 

For special pur))Oses the blood of oxen and pigs ha.s been used ns a 
vehicle, and, when diluted with water and mixed with freslily slaked lime, 
is said to give a particularly durable and waterproof coating on wood. Tins 
class of colour is use<l specially in China for painting j)acking cases for slnp-^ 
meiit abroad. 

Pastel painting is anotlier important style, difl'eritig from all the other 
kinds treated of hitherto, iunsnuich as tl^e colours are not laid on with the 
brush in a liquid vehicle, but applied as a solid material in the form of 
crayons. In this manner the drawing and painting of a ])icture are com* 
billed in one ojieration. The preparation of pastel crayons is the same as 
that of ordinary learl pencils. 

The ancient [minters used thin leaden rods for making their drawings, 
and it was only in the seventeenth century that the lead jiencil began to be 
used in its present form, though the application of plumbago lor writing 
and drawing is of much older date. At Borrowdnie (England) a plumbago 
mine, opened in Ibbl, furnished a blacklend specially ada])ted for writing 
pur|K)ses. 'I'he price rose to u great height, and large quantities were 
exported, but the supply soon became exhausted, lii the year Conte, 
in France, and Hardtnmih, of Vienna, simultaneously invented the mixture 
now used in the manufacture of pencils, and supplanted all artificial mixtures 
hitherto employed. The modern lead pencil is made of a mixture of tlie 
finest levigated clay with the finest levigated plumbago, thoroughly ground in 
mills and afterwards calcined in drums. This colour varies, according to the 
combination of the mixture, from deep black to greyish black; and the 
relative hardness can also be modified by the treatment employed. The 
levigated mixtures are filled into cylinders with a perforated bottom. A 
plunger forces the plastic mass out in the form of thin rods through the 
openings in the bottom. I'he rods arc laid on board.s, calcined out of 
contact with air, and tlien enclosed in wooden covers. Plumbago is at 
present obtained from Ceylon, the United States, and Great Britain. 

If plumbago is replaced in the clay mixture by vermilion, Prussian blue, 
ultramarine blue, green earth, and other mineral colours, or also by mixtures 
of lakes, coloured pencils, pastel crayons, are formed in unlimited gradations 
of tints. In order to bind the mixture more thoroughly, gum arable, sbse, 
or isinglass is added to the mass, tlie content of clay being reduced. 

The colours applied in pastel painting are only mechanically retained on 
the painted surfaces, the colour mass being itself lield together by a vehicle, 
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T)ut not attached thereby to the painting basis. Since shock or fWcUort, 
&c., would dislodge the colour, tlds must be protected by vaniishing the 
picture with a thin solution of resin, a weak spirit varnish, a 1 per cenL . 
solution of shellac, or a solution of gun-cotton in amyl acetate, the so-called 
Zapon varmh. Fixed in this manner pastel pictures are perfectly durable, 
and if stable colours are used for the crayons the permanence of the 
pictures—any mechanical damage, of course, excluded—is only limited by, 
that of the materials on which they are painted. A special feature of pastel 
pictures is that they retain their brightness, they do not darken, and, in fact, 
they represent the most durable products of the painter’s art. Their sole 
defect is that the colours are not transparent. 

An important champion of pastel painting is Professor Ostnmldy at Leipzig, 
whose Malerbriefe {Letters of a Paitifer), already mentioned, deal exten¬ 
sively with the importance and execution of this style, and also give 
instructions, worked out by the writer, for manufacturing the crayons. 

Hafaelli lias invented oil colours for pastel painting in the form of 
painting jiencils, which combine the advantages of oil painting with the con¬ 
venience of pastel painting, independently of purely technical operations. 
These oil-colour pencil contain ready-made pasty oil colours, which do not 
dry in the pencil, and the applied colours, which can be eventually diluted 
by an addition of oil of turpentine, dry ineffaceably on the painting 
ground. 

When dry coal-tar colours are added to a mixture of clay, plumbago, or 
lampblack, the so-called ink pencils arc formed, which will write on moistened 
jKiper like ink. The writing produced by tills means can be copied. 

Mixtures of ordinary writing chalk, clay, and mineral colours or lake 
pigments form coloured crapons for drawing on blackboards for instruction and 
technical purposes. 

c. Ceramic Fainting 

The sphere of ceramic jminting comprises glass and china painting, the 
technique of wliich presents such marked peculiarities as to constitute them 
a special branch of artistic jiainting. The foregoing statement that pastel 
painting furnishes the most durable products must be understood in a 
limited sense as far as the organic ingredients of the picture (canvas, wood, 
paper, as painting basis) are concerned. Protliicts of ceramic painting arc 
of inorganic nature throughout, and therefore of unlimited durability, unless 
the painted object be completely broken or destroyed. Ceramic painting 
treats of the manufacture of coloured glaze, the colouring material of which 
must be able to resist the temperature attained in the melting of the glaze 
or the firing of the ware. For this painting—with which enamel painting 
roust also be classed—only mineral colours are used, and even among these', 
the selection is not a very extensive one. The technique of ceramic paint-; 
. ing consists in applying the colouring matter on the body or ground— 
or china—in the form of coloured glazes, and then firing them together at 
a corresponding temperature. A coloured glaze of this kind has already.^ 
been mentioned in the form of smalts when dealing with the cobalt colour^ 

The colours are mixed with a special melting body, the “flux," 
with u vehicle of ethereal oil (oil of turpentine, essence of bergarootj;. 
oil of cloves, lavender oil, &c.), then applied with a brush, and 
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^ dry slowly; The finished ware is then placed/in the kiln and heated 
to temperatures sufficient to fuse the colour mixtures^ but not the glass 

the china forming the ground. The fluxes are therefore readily 
ihsibie glasses, compounded from red lead, borax, silicates, &c. During 
the firing process the oils used as a vehicle evaporate, the colour melting 
.with the flux and adhering firmly to the jwiinted substratum to form an 
inseparable whole. In china |)ainting the colour is applied tO' the glazed 
china and fired on, since very many colours cannot stand the temperature 
at which the ware is fired. There are, however, certain so-called high- 
glaze (“ grand feu ”) colours, which can also be applied under the glaze, 
and fired with the ware. The chief difference between glass and china 
painting is that the former requires trans|mrent colours, whereas china 
painting is practised on a non-transparent white or even coloured 
ground. 

White is formed by tin oxide and potassium antimonaie; yellow by 
Naples yellow, iron oxiile, lead chromate, barium chromate, silver cliloride, 
silver oxide, silver sulphide, and antimony su]))hi(lcs; red by iron oxide, a 
mixture of gold and tin oxides and silver eliloride, red copper ore; black by 
platinum, cobalt, manganese, uranium, iridium oxides ; blue by cobalt oxide, 
potassium-cobalt nitrite; green by cliromic oxide, cuprous oxide, and ferrous 
oxide. Tile ceramic colours are mainly metallic oxides, and these are also 
' chiefly used to produce the transparent colours necessary for glass painting, 
the Jess used metallic salts serving mainly for the opaline effects of china 
painting. 

A number of metallic oxides already possess the colours which tiiey 
should exhibit in the finished picture; but in many cases this colour is 
formed only by the process which furnishes the coloured glaze. This is 
particularly the case, for example, with cobalt and copper, the gold-tin-silver 
mixture, &c., the ingredients of the flux also influencing the result. 

The term ghne colours is applied to such as are fused with a flux and then 
converted into a devitrified stale for use, whilst semi~glaze co/owr^ are first 
produced in a semi-glazed state by aid of the flux before being used for 
colouring purposes. 


Colours for Graphic Purposes 

Besides lead jicncils and coloured crayons already ineiitioned, this class 
includes writing inks, drawing ink.., stamping inks, and printing inks of all kinds. 

The pigments used are derived from all cliisses of organic and inorganic 
substances. 

Wrilvig ink is manufactured in a great variety of ways. TJie containea 
pigment, when of mineral origin, is in a state of solution or suspension, and 
dries on the paper unchanged, for instance, the mineral colours, most coal-tar 
colours and logwood inks. With other colours, however, cerbiin logwood inks, 
some coal-tar colours, &c., the colouring matters change when brought on to 
paper, owing to tlie influence of tlie air or certain oon.slituents of the paper, 
Finally, in many ll((uid inks the colour is only in a latent form, and is 
deyeloped by the influence of air and light during and after drying—e.g., 
the iron and gall-nut inks—or by the secondary influence of warmth or 
ehemicals^—e.g., sym)>athetic inks. 
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Scklutiig and Neumann give the following systematic classincation oi 
inks, accoi^ing to their practical uses and composition: 


1. Iron-gall inks. 

2. Logwood inks. 

3. Coal-tar colour inks. 

4. Hectograph inks. 

6. Mineral colour inks. 

6. Inks from natural organic colour¬ 
ing matters. 


7. Autogrupliic (lithographic) inks. 

8. Sympathetic inks. 

y. Indelible safety inks. 

10. Stamping and typewriting inks. 

11. Drawing and endorsing inks. 


The inks of the 1,2, and 3 class are the kinds most generally used. They 
are subdivided into two classes, each according to its stability, the fii*st compris¬ 
ing the iron-gall inks as the most stable, so-called normal inks, used exclusively 
for drawing up permanent deeds, &c., whilst the second class contains vari¬ 
ously compounded, less stable products. Writing inks are either ordmary 
inks, which dry firmly and arc then more or less insoluble, or cojyying inks, 
which permit the writings produced by their aid to be duplicated in the 
copying press. In the latter case the vehicle and pigment remain in a more 
or less soluble condition even wlien dry. I'here are two chief varieties of 
copying inks. Wet copying hiks copy by placing a damj) sheet of copying 
paper in contact with the dry writing, and then applying strong pressure, 
whereby the superficially dissolved ink is transferred to the damp sheet. 
Dry copyvig inks either remain for a lime so far moist, without being efface- 
able, that they will give impressions on copying jjaper, or wlien dry are 
capable of being copied on to paper prepared with hygroscopic substances 
in a special manner. 

All these writing inks are aqueous solutions of the relative pigments, to 
wliich gum arabic, sugar, dextrin, are added as a vehicle, their composition 
being often very complex. 

The various inks are also sold in the form of powders or tablets, forming 
a mixture of all the dry ingredients, which merely have to be dissolved in 
water to be ready for use. 

To the copying inks, in a wider sense, belong the hedugraph inks, which 
are always solutions of cojd-tar colours in a mixture of glycerine, water, and 
alcohol, assisted at times by acetic acid, without any vehicle. 

Typc-fvriler inks are special kinds of highly concentrated hectograph 
colours. Their ])rtparation—in which the kind of ribbon used is of sj)ecial 
importance—is a carefully guarded secret process. The colours are so 
highly concentrated that they appear dry at ordinary temperature, and will 
not easily rub oti’ the ribbon. Non-copying typewriter inks are also 
manufactured as oil colours. 

Mineral colour inks are little used except for fancy purposes—writing on 
dark-coloured paper. White inks are made of zinc white, finely suspended 
in a solution of shellac and borax. Blue ink is a solution of pure Prussian 
blue in oxalic acid. Green ink is prepared with an ammoniacal solution of 
copper acetate (blue ink that turns green in drying), or a hydrochloric or 
sulphuric acid solution of potassium bichromate reduced with alcohol, 
Bed mineral inks are made of vermilion and red lead, yellow inks of orpi- 
meiit, gold and silver inks of genuine and imitation gold and silver foil and 
bronze powders, mixed with gum arabic, alkali silicate, soluble glas-s, weak 
Dammar varnish, and similar vehicles. 
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In a similar manner, natural organic colouring matters (indigo, madder, 
cochineal, turmeric, annatto, saffron, gamboge, &c.) are mixed in the dry or 
soluble condition with gum solution to the consistency of writing ink. 

Aidvgraphic and lUho tramfer inks are superfatted resin and wax soaps. 
They serve the purjwse of protecting those places on the lithographing 
stone, which later are to transfer impressions on to the paper, during the 
etching of the stone with nitric acid, the fatty soap repelling the dilute acid, 
so that the places covered witli the ink are kept intact and in a suitable 
condition for taking up the fatty lithogra])h ink, whereas the etched {lortions 
of the stone absorb water and repel fatty colours. 

The main ingredients of these preparations are soaps, wax, tallow, mastic, 
asphalt, Frankfort black, turpentine, lampblack, and similar substances. The 
making of good lithographic inks, Indian inks, and chalks is a very difficult 
and complicated task, requiring a very accurate knowledge of the result of the 
various operations, long experience, and the greatest attention in order to 
obtain successful results. 

Autographic litho transfer inks are emulsions of the consistency of 
writing inks, and enable the original handwriting to be transferred from 
the paper to the stone. Lithographic chalks and Indian inks serve for 
drawing and painting direct on the stone, and represent to a certain extent 
the concentrated form of the inks. 

Sympathelw inks are invisible when applied on white paper and dried, 
the writing only appearing after a special treatment with chemical solutions, 
exposure to light, moistening, warming, ^c., in various colours, according to 
the ingredients used. 

TJicse inks being of no practical importance, will not be further discussed, 
except to mention that the active ingredients are solutions of metal salts 
(cobalt, iron, ^:c.). 

Indclili/e writing inks mostly contain, in addition to^>tber colouring matters, 
carbon in the form of lampblack or lignite. As the carbon is insoluble in all 
liquids, and does not penetrate into the paper, but merely dries on the 
surface, the vehicles (gum-lac, shellac dissolved in borax, &c.) have to be 
specially selected. Aniline black and solutions of gold, platinum, palladium, 
iridium and vanadium salts, from which the corresponding metals are deposited 
in the paper and in fabrics—b'jien, for example—by reduction, form the material 
for indelible inks. 

Stamping inks are either destined for metal stamps, and are then mostly 
oil or fatty colours, or they are used for rubber stamps, and are then water 
colours. 

Oily stamping inks are made with mineral colours as well as fatty colours 
soluble in oil. The former are ground with boiled linseed oil, or with nut, 
poppy, or olive oil, and diluted to a workable consistency. The second class 
consist mostly of coal-tar colours, in a solution of glycerine, dextrin, and 
water. I>ampblack, Prussian blue, &c., can also be used for these purposes. 
The aqueous stamping inks are solutions of tar colouring matters in water 
and glycerine, mixed with alcohol, acetic acid, &c. 

Permanent marking inks consist of aqueous solutions of silver nitrate, or 
aniline chlorides and capper sulphate. The intensity of the black develops 
only on drying in the air, by exposure to light, or even by the influence ol 
soap in washing. 
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Meat stamping inks are made of perfectly harmless colouring matters; foi 
example,* lojjwood extract with a solution of glycerine, or coal-tar coloun 
soluble in fat with solutions of resin in volatile solvents (benzene). 

The nuineruus mimeograph and cyclostyle colours now largely used foi 
reduplication in quantity are fatty colours, the vehicles of which consist ol 
mixtures of vaseline, mineral oil, linseed oil, rape oil, and similar bodies, whilst 
lake pigments, lampblack, Prussian blue, &c., form the pigments. The 
colour is ground to a thin paste, so that it can be pressed by the roller on to 
the underlying |)aper through the original sheet of wax paper, which is 
perforated by means of a special platen in the typewriter. 

Drawing and e7i(lorsing inks are compounded, in a dry and liquid state, 
from organic and inorganic colouring matters with oily and watery vehicles in 
numerous ways. They arc used for a great many pur()Oses. As there is nothing 
novel in their preparation and use, we need not go further into the subject. 

The far more inijwrtant printing inks (lithograpliic and letterpress) are, with 
one exception, all fatty colours. The colouring principle of the black inks 
is almost exclusively lampblack of different qualities; whilst the coloured 
inks are prepared from all kinds of pigments, inorganic and organic, chemical 
mineral colours, and lakes from vegetable and coal-tar colours, provided they 
are sufficiently fine-grained to grind to an impalpable condition in the 
vehicle. In view of this essential condition, it is evident that a large 
number of known pigments are quite unsuitable for printing inks, whilst 
others, again, can only be Used to a very limited extent. 

Ill view of the very fine work now done in printing, it will be easily 
understood that the blocks used are of very delicate grain, especially those 
for half-tone work, the softness and delicacy of which are almost equal 
to those of the photographic negative, with the hel|> of which, in fact, the 
blocks are jiroduced. The printing surface is of three kinds—relief, flat, 
and engraved, Relief printing comprises typographic and block printing, 
the type or drawing to be printed standing out in relief on the surface of 
the printing plate, and only these projecting parts being reproduced in the 
impression. Level or Jlat printing is typified by the lithographic print. The 
|)arts of the stone to be jirinted from do not stand out on the plane surface, 
and are merely prepared so that they will take up the fatty colours, whilst the 
other parts of the stone have the property of repelling the colour. Engraved 
printing is the process by which copper engravings, steel engravings, etchings, 
(&c., are produced. The drawing is cut deeply in the metal plate, so that 
when tile whole plate is rubbed over with colour only the deeper parts are 
filled up, whilst the clean polished surface of the plate takes very little colour, 
and that is entirely wiped off before the impression is taken. A special 
quality of paper is required for this work—viz., one that will penetrate the 
recesses of the plate in the press and pick out the colour lying therein. 

It will be easily understood that these various processes require inks 
different properties. This is so as a matter of fact, but the chief differehi^' 
is in the vehicle, the pigments for all processes being the same. Engraving: 
work is the class that is least exigent with regard to fineness of grain in thtf 
ink, and the blacks (Frankfort black,, ivory black) used for this purpe^e 
useless for ordinary jirintiiig ink, even the most inferior kinds of news ihk. ' 

. The choice of vehicles for printing inks is a somewhat limited one, 
ind is chiefly confined to linseed oil, thickened to varnish by the action of 
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'■ ;lieat. The consistency of the varhish ranges a. viscous tiquw ti> V 
■ ^mmy'cliistic substance, according to the heating process, a number 
intermediate strengths being prepared as stock varnishes. The pigments are 
ground with a varnish of suitable strength for the class of ink desiretl, driers 
and adjuncts for improving the gloss being added according to requirement 
For certain purposes, particularly for printing on rotary machines, linseed 
oil varnish is too tacky, and too dear, and has to be replaced by varnishes 
compounded of resin, resin oil, mineral oil, and other substitutes. 

For cheque printing and other j)iir|K)ses copying inks are pre|)ared by 
dissolving coal-tar colours in water and glycerine, dextrin, &c.—vi»., some* 
thing after the manner of the writing inks used for copying, only in a more 
concentrated state. 

Similar to the graphic colours in the manner of their application are the 
fvall-p^iper colours siwA i\\t colours for J'anctf pttpers. Both are water colours 
made by the aid of a glutinous vehicle—rye-nieal, dextrin, size, and similar 
mixtures. Colours for wall-paper j)rinting are sold as paste in order to facili* 
tate their use. lienee cohuirs made by the wet })roces.s need not be dried 
for tills j>ur|)ose, and the only care is to see that the colours are supplied in ' 
a not too tliick paste and aiwuys jiossess the same drying capacity. The ’ 
colours are applied to the wall-paper.s by means of wooden rollers, on which 
the designs are cut in relief. The rollers may also be faced with copper, 
type-metal, or some flexible composition. The ground colour is applied to 
the paper by felt rollers. In making fancy pajiers the colours are laid on 
by hand or by machine with the aid of brushes, whisks, sponges, &c., and are 
then treated further in various ways (calendered, jirinled, embossed, &c.). 

Cloth printing must also be briefly mentioned here. The colours are 
applied by the aid of s(|uare blocks in roller or flat jiriiiting presses operated 
by hand or power. ()|)aqiie colours (ultramarine, chrome yellow, chrome 
green) are used as well as dissolved colouring matters; c.g., the coal-tar ^ 
colours. 

In many cases a combination of doth printing and dyeing is practised by 
printing the material witli a fixative which will then develop the colour ' 
component previously or subsequently applied (for example, Prussian blue, 
chrome yellow, &c.). Further, the method of producing lake pigments can 
also be employed, the fabric winch acts as a carrier being printed with a ' 
mordant and then treated with the coal-tar or vegetable colouring matter, ■ 

Varnish and egg-albumen are also employed as a vehicle ibr the coloure, ■ 
the colour being fixed on the cloth by the coagulation of the egg-albumen. ' 

The albumen used may be either fresh egg-albumen or that from blood,, 
and mixed with starch, gum, and alumina. Casein and gluten are also in asv. 
as fixing agents, the former dissolved in alkaline liquids, the latter in alkaline 
and acid liquids. 1 he selection of colours is of course confined to such as 
will stand acid or alkali. 

In this method of printing, as in letterpress or ordinary printing, the .. 
^adherence of the colours is merely superficial and depends on the vehicle' • 
only. 

Calico is the fabric usually i»riiiled on, though linen (canvas), wool, ' 
and silk can also be treated in the same way. Except, however, where the 
^lour is developed in or on the febric, or is precipitated in the form of 
^lour lake, the printed impressions arc not durable, but can be easily ; ■ 
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removed by mechanical means and weak chemical agencies; for example, by 
washing. Moreover, only very few of the lakes produced in this manner 
are fast to water. 

In the foregoing pages we have given a general review of the methods 
of applying the colours otherwise than by painting. Of course, in each 
method there exist numerous modifications and adaptations to certain 
purposes intended for the attainment of certain artistic, technical, and 
sanitary effects. Just as in artistic painting the style and technique differ 
according as the work is destined to be hung in a gallery or for the exterior 
decoration of a building, so is it with industrial painting: the choice of 
colours, &c., for painting doors, windows, ceilings, furniture, At., indoors 
will differ from those selected for decorating the outer walls, painting 
carriages, railway waggons, ships, Ac., ex|)Osed to tlie influence of the atmo¬ 
sphere. Generally speaking, the vehicle which fixes the colour on to the 
painted object will also have to be considered, and care must be taken to 
choose and compound this in such a way that it may combine as firmly as 
possible with the ground surface (wood, metal, stone), and at the same time 
withstand the different influences acting tliereon (damp, moisture, sunlight, 
foul air, Ac.), 

Hygienic considerations will also affect the choice of the colours’ for 
certain purj)oses. Colour works can only be established in accordance with 
the law and in this trade there are special legal requirements which have 
to he fulfilled. Fabrics, wall-papers, Ac., for the decoration of living rooms, 
and colours used in the painting of toys, colouring of sweets, confectionery, 
Ac., must be free from harmbil ingredients; and the same applies to the 
colours used for the printing of wrapping ])aj)er for edibles, Ac. 

SavJinge.s may be coloured with azo dyes, to which, however, some disin¬ 
fectant (boracic acid, formalin) must be added, so that in the event of the 
meat undergoing decomposition the colouring matter will not be reduced 
and decolorised by the hydrogen evolved. For cheese colouring ammito find 
turmeric are used in alkaline and alcoholic solutions, which are added in 
small quantities to the milk. For hulter colouring aimatto, saffVon substitute, 
and coal-tar colours are used. 

Colours for coaling stoves, heating apparatus, boilers, and similar objects 
which are kept continually at high tempe'ratures must be able to stand a 
cerUin degree of heat, and colours for use in rooms in which acid gases or 
sulphureous vapours are liberated should be insensitive to the influence of 
these products. 

Iron staircases and railings, bridges, roofs, Ac., must be painted with 
colours possessing anti-corrosive properties. Paints (anti-fouling composi¬ 
tions) for the metal sheathing on ships’ bottoms must not only resist the 
corroding influence of sea-water, but also destroy animal and vegetable 
parasites living therein. 

According to the German patent 107237 (Ur. Alexander, of Hamburg), 
certain xanthogenates of the heavy metals exert this prophylactic action. 
The xanthogenates of copper and tin furnish, on decomposition, sulphides 
and hydrosulphides, which cover the whole of the ship's bottom with a 
protective film; this is continually renewed and acts as a violent poison 
on the flora and fauna of the sea. I'he xanthogenates mentioned are mixed 
with the paint either in a dry state or dissolved in carbon disulphide. 
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Bttgg, of Vienna, recommends an addition of copper cyanide or copper 
sulphocyanide in anti-fouling com|x>sitions. Whilst some raanufactui’ers 
depend on the directly poisonous action of the |)aiiit,And work in more than 
50 per cent, of arsenic and over JIO per cent, of mercury, others discard 
poisons entirely, and claim greater efficacy for a solid, enamel-like layer, in 
which the colour sets hard, and by its imperviousness is said to prevent the 
deposition of organisms. 

Lmninouji or pkoxphoresccuf. pahiU' consist of calcium sulphide, barium 
sulphide, and strontium sulphide, tlie illuminating effect of which is based 
on phosphorescence. 'I’he only one t>f practical importance is calcium 
sulphide (Kahnain's luminous paint), M’hicl) is largely used for painting 
street and house signs and dial plates. The luminosity is replenished by 
insolation during the <lay. 

A very powerful linninous paint is prepared from calcium tungstate. 
According to the investigations of J)r. Uoih and /)/*. Aufrcchl, the phos* 
phorcscence of the linninous colours possesses thempimtic value, inasmuch 
as it is fatal to bacilli and bacteria. In particular it is said to be possible to 
destroy disease germs by introducing into the interior of the human frame 
an apparatus that has been coated with luminous |Munt and exposed to 
sunlight throughout the day. Pus and cliolera bacilli are said to have been 
destroyed in seven hours, typhus bacilli in ciglit hours. 

Accordingtoc recent American patent,a luminous paint can be prepared 
from radium carbonate. 


3, Dyeing* 

In contrast to painting, in which, as we have seen, merely a superficial 
application of colour tak(“s jdace, either over a part or tlie whole of the 
surface to he coloured, the process of dyeing generally implies the impreg¬ 
nation of the whole mass of the fabric or substance with colouring matter, 
so that the colour is not removed wlien the substance is peeled or subjected 
to similar treatment. True, this distinction is not invariably correct, for in 
many cases tlie processes are closely allied, thoiigli ns a rule it will be found 
that in dyeing nearly the whole mass of the substance is treated with the 
colouring matter, whilst in painting only a limited superficial application of 
the colouring material occurs. 

Moreover, the dyeing process is often directly combined with the actual 
formation of the dye-stuff in (juc.stion, hut this i.s- never the case with 
painting. 

We are already acquainted with the manufacture of fancy papers as the, 
industry which supplies finished paper with a coloured surface. Another 
and different branch is the production of caJoured paperx stained in the mois. 
For this purpose Imth inorganic and organic colours can he used—e.g,, 
ultramarine, Prussian blue, chrome yellow, various kinds of ochre ; and, on 
the other hand, solutions of vegetable colouring matters or of basic and acid 
coal-tar colours are added to the paper pulp in the {miier-making machine 
before sizing, which latter operation fixes the colours in the mass. Stained 
papers are also made !)y the dipping process, in which the finished sheets 
are dipped in the solution of colouring matter and impregnated by the 

* Sue I'utuark on p. W-i. [Tuanslatob.] 
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seme. TMs tetter process eatafU use of icoTburing matters whj[chu\Afe« 
soluble in wAter~i'.c., prlncipelly those of organic origin. - 

The most important dyeing process is that applied to ttxiile fahria, m 
industry pursued on a scientific basis and employing highly complicated 
processes. Here the inorganic colours have almost entirely gone out of use; 
except for the occasional employment of chrome yellow, Prussian blue, 
and copper sulphate. On the other hand, the vegetable colouring matters, 
which at one time held the held, have stood their ground to a certmu 
extent, though restricted to a very insignificant sphere of application. At 
present the coabtar colours are by far the most important materials used 
in cloth dyeing; and, in fact, it was to the cloth-dyeing industry that 
the enormous development of the coal-tar colour-manufacture owed its 
inception. 

The theory of dyeing has been made the subject of very extensive 
investigations, in which science and practice have gone hand in hand; but 
thoroughly conclusive results have not yet been attained in all cases. In 
most instances tlie fixing of the colouring matter on the fibre must be regarded 
as a chemical reaction, whereby either the chemical coni|X)sition of the fibre 
endows it witli properties enabling it to enter into chemical combination 
with the colouring matter, or else it is pre|wred by a treatment with salts 
which impart this property. The conception that dyeing is a merely 
mechanical fixation (absorption, endosmose) has now been almost entirely 
abandoned. Acconling to another modern hypothesis, the process is one of 
“ solid solution ”— i.e., the solid material of the fabric iiolds tlie colouring 
matter in a state of solution. 

It has already been mentioned that colouring matters which unite direct 
with the fabric are termed “ substantive ” dyes, because they are taken up 
from their solutions by the fibre without the latter having been subjected 
to any special treatment for this purpose. On the other hand, colouring 
matters which dye prepared fibres are called “adjective'’ dyes. This 
difTerence, however, is not strictly defined, because all fibres do not behave 
alike toward all colours. Hence a colouring matter which is “ substantive ” 
toward animal fibres is not necessarily so toward vegetable fibres, the 
former generally possessing a considerably greater affinity for colouring 
matters than the latter class. 

Magenta is an example of a colouring matter that is substantive toward 
animal fibres. The dyeing process can be ex))]ained by the hypothesis that 
the fibre acts like an acid, decomposing magenta and taking up the colour 
base, with which it forms a dye salt. In other cases the fibre may act as'a 
base—c.g., when silk <ind wool are dyed with acid azo colours. Here the acid 
of the colouring matter must be liberated from its combination by means of 
a strong acid before the fibre base can combine with it to form the dye 
salt. This is usually effected with sulphuric acid or Glauber salt, or both 
together. ^ 

For practical purposes the classification of dyeing processes according to, 
the kind of material to be dyed is the most suitable—viz., wool dyeing, . 

dyeing, cotton dyeing, &c. • .V 

The technical perfoniiance of the process consists in bringing the faiiiid 
into contact with an aqueous solution of the colouring matter (the dye bath), 
and, with the assisbince of stirring, working the material about, warming, . 
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^biing the fabric td absorb ail niucti. bC the cdM^lig matter as Is required' 
to ]itK>duce the intended shade of colour. Eicept in the case of tubeb^lre ' 
colouring matters^ the material is prepared beforehand with mordants, which 
precipitate* the colouring matter on the iibre in the form of a lake, A 9 a 
matter of fact, the oxides and salts used as mordants are precisely thf^ 
already mentioned us precipitating and shading media for the colour , 
lakes. 

fVool is dyed either in the wool,” in the yarn,” or in the cloth.” . In 
the 6rst-named case the wool is freed from tlie “grease” hy scouring With 
soap and alkali carbonates. Many of the basic, acid, and bensidine colouring., 
matters will dye the wool in a warm bath. In applying adjective colouring. 
matters the wool is treated either in a warm bath conbiining the colourin'g. 
matter and mordant at the same time (single-batli method), or is first mor*^ 
dante<l and then dyed (two-bath method); or, again, the wool may be dyed' 
first and treated with mordants subsequently. In certain cases—for example, 
in black dyeing with logwowl—a mordant is used both before and after dye* 
ing; and in order to improve the appearance and brightness of the colour 
a third brightening bath can he applied. Some colouring matters are fixed 
by means of finely distributed suli)l)ur, j)recipitated on the fibre by a sulphura-V 
tion process. 

SUk dyeing is, on the whole, similar to woo! dyeing, except that cold batha 
are almost exclusively used. The silk is dyed in banks, previously scoured 
to remove the “ gum ”; and only certain kinds of silk are dyed with the silk 
gum on, in order to produce a certain solidity. After the dyeing process is 
completed the silk hanks are put through a gloss machine, over a system of 
rotating rollers, which improve the feel and softness of the dyed fibre. 
They are also put through ealendering rollers, heated by steam. The black 
dyeingofsilk is often made the occasion for artificially increasing the weight, 
the silk being treated with tannic acid and dyed with ferrous sulphate, by 
which means the silk can be loaded to two to four times its original weight, 
the product being, however, of inferior quality. 

In cotton dyeing the yarn or fabric is first of all washed with soap and 
soda, and, when light shades are in question, is bleached, though this latter 
treatment is unnecessary for darker shades. Only a few colours of recent; 
date will dye cotton substantively, and in most cases mordants have to be ' 
used. In order to approximate cotton and other vegetable fibres to the 
character of nitrogenous animal fibres, they are “animalised”--**^., im« 
pregnated W’ilh nitn>genous substances: egg-albumen, casein, size—and there¬ 
by enabled to take up the colouring matter more easily. The same effect fai 
produced by treatment with milk and sodium stunnate, followed by 
of alum, and finally by impregnation with silicates and subsequent treatment 
with hydrochloric acid. This (lc|K>sits silica on the fibre, and enables the 
latter to convert basic colouring matters into insoluble salts. 

In dyeing, two colouring matters of suitable chemical properties caii also 
be made to react on each other, and thus fix themselves on the fibre. With 
this object the fibre is dyed first with an acid colour and then with a solu¬ 
tion of a basic colour. Mixed colours and sj>cciAl shades can be obtained in 
this manner. 

Linen dyeing is practically the same as cotton dyeing, but the processes 
and colouring matters suitable for this purpose are far less numerous^ because. 
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linen has to he mora frequently washed with soaps, &c., and therefore 
requires specially fast dyes. 

Union dyeing is concerned with fabrics woven from mixed yams. Half¬ 
linen, which consists of linen and cotton, presents no difficulties in the 
selection of process and colourin|T matters. With half-silk (silk and wool 
or cotton) and half-wool (wool and cotton) it i.s necessary to dye the two 
fibres separately before weavinpf, or, for example, to weave undyed silk with 
dyed cotton, and then dye tlie finished fabric once more. 

By means of suitable processes the organic colouring matters can also 
be used for dyeing jute, feathers, hair, wood, moss, flowers, leather, size, 
soap, spirit varnish, wax, stearin, paraffin wax, fats, straw, vegetable ivory, 
buttons, &c. In such cases the materials of animal origin (feathers, hair, 
bones, horn, size, albumen^ leather) behave in the siimc way as wool and 
silk. 

For colouring varnish, wax, paraffin wax, stearin, oils, and fats the so- 
called felly colours arc used, which are soluble in the said materials, to form, 
compounds of colour bases with stearic acid (stc.iralc.s). Alkaline products 
of this kind are used for colouring soap. 

Hitherto we have considered processes of dyeing with ready-made 
colouring matters; but, as in the manufacture of lakes, the developing 
colours may also be employed for dyeing fabrics and otlier materials. 
Turkey-red dyeing and indigo dyeing come under this category. 

Turkci/'red dyeing was formerly praetisetl on cottrm, wool, and silk with 
the aid of the natural (colouring matter of madder root, but at present tlie 
artificial alizarine is used. In the modern process the yarn, boiled and washed 
with soda, is saturated with Turkey-red oil (a mordant product obtained by 
treating olive or castor oil with concentrated sul()liuric acid, washing, and 
neutralising with ammonia), then dried and steamed. After treatment with 
alumina mordant, the yarn is dyed with alizarine solution, followed by 
repeated treatments with 'rurkey-red oil, steaming, and a process of purifi¬ 
cation in n solution of soap under pressure. In the older, very complicated 
and tedious white-bath ])rocess the yarn was repeatedly mordanted and 
dried with a mixture of “ Tournant oil ” (su]phonate<l olive oil) and sheep- or 
cow-dung dissolved in soda solution (the emulsion bath), then repeatedly 
washed with soda solution and dried. A treatment with a sumach solution 
and afterwards an alum solution followed next, this being succeeded by 
dyeing witli madder and finishing with soap and stannate. 

The colouring matter of imltgo has no affinity whatever for animal or 
vegetable fibres, and the dyeing has to be performed by the vat process. 
Solvents being inappli(al)le, the indigo has therefore to be reduced to indigo 
white, which, when bodied on the material in the state of an alkaline solution, 
is reoxidised into blue by exposure to the air. The alkaline solution of 
indigo while is termed the indigo or blue vat. There are two different 
systems, cold-vat, and warm-vat processes. 

The cold vats are either sodium hyposulphite vats, in which the sodium 
hyjjosulphlte—obtained from acid sodium sulphite and zinc filings—is the 
active ingredient; or the vitriol vat, pre|)ared from copperas and lime; or, 
finally, the zinc vat, prepared from zinc dust and lime. 

The warm vats are also known as fermentation vats, because in them the 
hydrogen liberated by the fermentation of organic bodies constitutes the 
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reducing agent. The blue dye (dyer’s woad) vat consists of indigo, dyer’s 
woad (blue dye), bran, madder, and slaked lime; the soda vat, of indigo, 
bran, soda, lime; the urine vat, of indigo, madder, urine, and common salt. 
The reoxidation of the indigo white to indigo blue i.s effected by the oxygen 
of the air. This process is also known .-is “ fading,'’ because the conversion 
into blue is preceded by a temporary green coloration. 

The dyeings of textile materials are subjected to numerous tests. In the 
first place, they must offer certain resistance to the iiiHuences of light and 
air; and in many cases fastness to hot soap and water is recpiired. finally 
come fastness to rain, dust, and friction (wear). 

Like paper, glass is also coloured in the mass. 'Tlie colouring matters in 
this case consist mainly of metallic oxides and salts, as in coloured glazes and 
pottery painting. 'Fhe pigments include especially iron (for yellow, red, brown, 
violet); manganese (grey and black); coj)per (as oxide, blue-green; as prot¬ 
oxide, red); cobalt (blue); silver (yellow); chromium (yellow-green); gold 
(rose to purple, ruby glass); antimony (gold-yellow); molybdenum (red 
ochre); uranium (greenish yellow); cuprous sulphide (sepia-brown), lin 
ash, cryolite, hone ash, ffiiorspar arc used for tlie manufacture of o|)alescent 
glass. 

The coloured glass is either stained throughout the mass or coated with a 
coloured film (Hashed gluss). lu this latter case a tliick plate of colourless glass 
is coated with one or several layers of coloured glass. Flashed glass is used 
for polychrome designs on glass tablets, portions of tile various coloured layers 
being removed by grinding thus exposing the under layers in bold relief. 

Certain organic colours are .also used for scientific pui‘|)oses, the colour serv¬ 
ing merely as a means to a certain end. 'J'lius, in rolumelriv analt/sis tlie chemist 
uses certain colours wiiicli are bleached or change colour under certain con¬ 
ditions. Litmus is blue in alkaline solution, but turns red when the solution 
is acidified, so that by means of this indicator the conversion of the alkaline 
solution into tlje acid state, and vice versa, can be instantly detected. 
Diphenylamine orange is yellow in alkaline solutions, but crimson-red in 
presence of acids. Similar a[>p]ications are found for methyl orange, ethyl 
orange, rosolic acid, phcnolj>htlmlein, Congo red, &c. 

In microscopy coal-tar colours are used for the identification of tissues, 
fibres, bacteria, &'c., by tlie way in wliicli these absorb certain colours thereby 
furnishing characteristic staiiiings. Saff'ron, Congo red, and methylene blue 
enable vegetable fibres to be recognised direct, whilst after treatment with 
tannin and tartar emetic the same result is obtained with methyl violet, 
Bismarck brown, malachite green, auramine, ^c. Animal fibres are stained 
direct by methyl violet, magenta, auramine, in presence of sulphuric acid by 
methyl orange, magenta S, and some others. 

Finally, the coal-tar colours are used in photography in the preparation 
of isochromaiic plates, light-filters, &c. By the addition of some colouring 
matters—such as auramine, cyanine, quinolin red, erythrosine, &c.—'the 
sensitiveness of the photographic emulsion is increased for certain colours, 
owing to the absorption of special light rays by these colouring matters. In 
this manner it is possible to repri^uce reds, yellows, and greens in the 
photographic picture in their correct colour-values, which is impossible of 
attainment with the ordinary plate, owing to its inferior absorptive jwwer 
for these colour rays. 
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We. may ftlsd briery aew witn pnott^api^ tn natural cotourSi Which since 
the beginning of the laH century has formed an object of ardent teseatch, 
by men of science and photographers. The first to obtain satisfactoiyr, 
results was Lippmann,'who made use of the interference rays. However inge¬ 
nious his process may be, it did not lead to any practical success. Furthermore, 
the attempts made by 5ce6«:/<r and then "by Ferres to prepare colour-sensitive 
photographic plates were not crowned with success. The silver sesquichloride 
used by them, however, fulfils tlie requirements of the case to a certain 
degree, but is not sufficiently reliable, though orthochromes of coloured 
transparent pictures can be obtained with an emulsion of silver sesqui¬ 
chloride and collodion by a very long exjwsure. 

Herschelf Davanne, Wiener, and Walloi tried to attain their object with 
coal-tar colours, and based their processes on the fact that coal-tar colours 
do not fade in all lights, but only in a white light or one of special colour. 
Ihus red colouring mutters remain stable in red light, blues in a blue 
light, &c. Word has continued these tests, and prepares a suitable colour 
mixture in an alkaline solution of primrose, Victoria blue 11., cyanine, 
turmeric root, auramine, with an addition of 1per cent, of aniseed oil. He 
steeps writing paper, free from woody fibres, in this solution, and dries it in 
1 dark room. The possibly fresh prepared paper is exposed to the sunshine 
for five to thirty minutes in a printing frame. The prints, however, fade 
entirely in about twenty days in diffused light, though when kept in a 
portfolio they will last for years. More recently Dr. Neukates and Professor 
^diethe in particular have developed this branch of photography, and the 
last-named investigator has obtained extremely valuable results. 

These two investigators work chiefly with the bleaching system, with 
about thirty coal-tar colours and with chlorophyll, which latter influences 
the bleaching of the colouring matter. The colouring matters are used in a 
gelatine solution, and it is found that the kind of gelatine as well as the 
properties of the paper play a very important jmrt in the bleaching process. 

A certain number of inorganic and organic derivatives have been found to be 
noie or less sensitive. Professor Miethe has also manufactured colours that 
ire particularly sensitive to light. 

The Hbchst Farbwerke also prepares special sensitive colours suitable, 
nier alia, for the manufacture of light-filters and for three-colour photo¬ 
graphy. 

The actual inventor of three-colour p7intmg was Christoph h Blonds, of 
Paris, who in 1740 patented a process in which the colour effect was ob- 
:ained by a superimposed printing of the three primary colours, yellow, 
•ed, and blue. It was, however, not until photography became popular that, 
e Blonds’ invention attained the jwsition warranted by its merits. Ortho- 
:hromatic photography affords the possibility of reproducing the tonfe- 
mlues and details in the three primary colours, each on a specially sensitised 
date, the original being photographed three times from the same point of 
dew, each negative containing a portion of the subject corresponding to. one 
d the three primary colours, yellow, red, and blue. In each photograph 
wo colours operate on the plate, while the third is excluded. This latter 
jrocess is effected by means of lighl’Jilters, consisting of sheets of glass or 
gelatine stained with certain colouring matters. Tliese filtem prevent the 
absorbed rays from acting on the sensitive emulsion of the photographic 
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plattit'in the cinnera, so that on development theparla imireappadiiig to the 
arrested folour rays remain transparent, whilst the silver on the unprotected. > 
■ parts of the plate is more or less rediicetl. By certain additions the plates . 
are made particularly sensitive for the seiraratc colours—a process invented 
by Professor Vogel, Berlin. A plate which is intended to give the negative for 
the blue portions of the subject is, for example, made sensitive for red and blue 
with cyanine, since the light which Is to act on these plates must be free 
from ail blue and violet rays, and for this purpose a light-lilter absorbing blue 
and violet is mounted in front (or behind) the lens. This filter is stained 
with Biebrich scarlet or safranine. The prints obtained from the developed 
and fixed plates then represent the colour-value of the absorbed rays in the 
picture, and form the basis of the autotype block, which serves for the 
printing of these colour-values with the corresponding pigments. 

The evolution of the theory and the principle of the three-colour process 
are also due to Professor Vogel. Knrh, of New York, who purchased the 
patent, employed the process for autotype printing, and it is now used both 
for lithographic and block printing in three-colour work, the etched style 
being less suitable. 

Into this subject, however, we cannot go more deeply at present, our 
purpose being simply to point to the matter as another sphere of application 
for the prorlucts of tlie colour industry.* 


With regard to the effect of miring colours of different properties, very, 
contradictory opinions are expressed even by practical men and scientific 
investigators. While some ridicule the alleged elTeet of colours containing 
sulphur on lead colours—viz., of ultramarine or vermilion on white lead—^ 
others warn us against the use of such mixtures. Probably both parlies base 
their claims on observation; and it may also be admitted that in such cases 
chemical changes do not necessarily always occur. The more carefully the 
pigments in question are manufactured—viz., the purer they are—the less 
will they be liable to undergo the changes in question. 

In order to form an independent judgment, the authors have prepared 
the following mixtures from selected, pure commercial pigments, equal 
quantities of each ingredient being taken: 

1. Vermilion aiui white lead. 4. Lithopono and white lead. 

2. Ultramarine and white lead. 6. Lithoponc and chrome yellow. 

3. Chrome yellow and ultramarine. 

The samples, thoroughly ground together in a mortar, were placed in 
glasses, one glass of each sample being mixed with water and one with oil. 
The well-mixed samples were hermetically sealed in the glasses, and attached 
to a sheet of cardlraard hung up in a room, so as to be exposed to difl'use day- 
Hght, but not to direct sunshine. The samples were kept well mixed by 
fre^ently changing the position of the cardboard. 

, The observations made with these samples tend to prove that chemical’ 
reaction is by no means imjiossible here. After the lapse of a year thq 

, • Another three-colour process of recent date, that of Zvmitre, employs starch gratiii 
sfained red, blue, and yellow respectively as an ingredient of the emulsion, the exposed 
plats fatnishing a transparent positive. [Teakblatob.) 
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mixture of ultramftiine and white lead had kept the best, the vermilion and 
white lead mixture the worst. The vermilion in both glasses has become 
dark brown all over. It should be pointed out that a small part of the 
colour mixture which remained between the cork and the glass, and out 
of contact with the liquid, has rebiined its original shade unimpaired. Hence 
it would appear that the change requires the co operation of the liquids (oil 
and water) as well as light. 'I'he mixture of ultramarine and white lead 
exhibits scarcely any change at all, but the other substances experimented 
with have become visibly discoloured, though not to any great extent. The 
dry mixtures kept in the dark show no change of tone. 

After these experimental results we cannot agree with those who deny 
the occurrence of any change. 

That organic colouring matters can react chemically on one another has 
been mentioned already. 

The injiuence of the vehicle on the cotonn is only of special importance 
in a few cases. I'he colour is in most cases mechanically suspended in 
the vehicle, but it may also be dissolved therein or chemically combined with 
it. If, for example, we grind oclire or coleothar or vernnlion in oil or in a 
watery vehicle, a mechanical distribution alone is produced. The colour is 
suspended in its vehicle, and is held firmly in suspension by the latter on 
drying. If a coal-tar colour be ground in a watery vehicle, it will in most cases 
dissolve therein, forming a transparent colour such as is used in water-colour 
painting {aijmrclle), wlicreas the colours from the first-named example will 
be opaque. If a lake precij)itated on pure alumina be ground in oil, or white 
lead and chrome yellow are treated in the same way, a form of chemical 
combinatio]) takes place, the colours and vehicle being saponified, with 
formation of aluminium and lead soaj) respectively. Tliis process clearly 
determines the consistency, covering power, and C(»mbining capacity of the 
colours on the base. Such a close combination of pigment and vehicle will 
in most cases be advantageous for tlie pur])oses to which the colour is to be 
applied. 

If the vehicle be of organic nature and liable to spoil, it may exert a 
detrimental influence. If, for example, a paste begins to decompose, the 
organic—and sometimes even inorganic—colours in contact with it may be 
entirely destroyed. Such a result has often been observed in the case of the 
colours of wall-papers hung in damp rooms. 
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Table I.—ATOMIC WEIGHTS AS DETERMINED BY THE 
GERMAN CHEMICAL SOCIETY. 


Element. 

Symbol and Valency. 

Atomic Weight. 

0-l«. 

11 = 1. 

*Aluminiuin 



Al 111, 1' 

27-1 

27-04 

•Antimony . 



Sb 

120 

119*6 

•Arsenic 



As 

75 

74-9 

•Barium 



Ba », i'' 

1374 

136*86 

•Bismuth . 



Bl »i, V 

208-5 

207*5 

Boron 



Bo 

11 

10 9 

Bromine . 



Br * ^ 

79-90 

79*70 

Cadmium . 



CM 'i 

112-4 

111-7 

Calcium 



Ca II 

40 

39*91 

•Carbon 



C d 

12 

11*97 

•Chlorine . 



(^1 111 V vU 

35-5 

35*37 

•Chromium . 



Or '■* 

.52-1 

62*45 

•Cobalt / . 



Co Ji, Jv 

59 

68*6 

•CoppaK' . 



Oil ‘ 

63-6 

. 63*18 

Fjjiwne 



K 1 

19 

19-06 

•'-"tJold .... 



Au l, id 

197'2 

1902 

•Hydrogen . 



11 i 

1-01 

1 

•Iodine 



I i, i''. \ 

I2C-H5 

126-54 

•Iron .... 



}i\, iil^ Iv vl 

56 

56*88 

•Lead .... 



Pb ii, i*- 

206-9 

206-39 

Lithium 



Lii 

7-03 

?01 

Magaesium 



Mg 11 

24*36 

23*94 

•Manganese. 



ii Iv vi vll 

55 

64-8 

•Mercury 



Hg 1, II 

203 

199*8 

Molybdenum 



Mo II, i‘i, 1", >1 

96 

95-9 

Nickel 



>Ji 11, ill, iv 

.587 

68-6 

•Nitrogen . 



As5 (N)‘'1, v 

14-04 

14*01 

•Oxygen 



0‘i 

16 

15*96 

•Phosphorus 



P 1", '' 

31*6 

30*96 

Piatinum . 



pj II Iv vi 

194-8 

194*34 

•Potassium . 



K 1 

39*15 

89 03 

Silicon *. . 



Si i» 

28*4 

28 

•Silver 



Ag 1 

107*93 

107*66 

•Sodium 



Na i 

23*05 

22*99 

Strontium . 



Sr *1 

87*6 

87-3 

•Sulphur 



g 11^ iv^ vl^ vlU 

32*06 

31*98 

•Tin .... 



Sn II, i’ 

118*6 

117*36 

Tungsten (Wolfram) . 



W Iv Vl 

184 

188« 

♦Zinc .... 



Zn II 

65*4 

64-38 


2o 
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Table II.-SOLUBILITY 

Afjhrm<uiom; H.. voluble; ta., rOfidily eobible; m., vparlnilly ROlublo i I.. Ifuoluble t 
(leoom]}., decomposed. 


Naino. 

Formula. 

Hole- 

cular 

Solubility In 100 Parts 
of Water. 


Weight. 

Cold. 

Hot. 

Alum (ammonium) 

AI,(S 04 ),(NH 4 ),,S 0 j + 2411.0 

904-4 

9 

422 

„ (potaHEium). 

K,.S 0 . + AI,(S 04)4 + 24H..0 

948 

9-.5 

357 

„ (Kodiuin) 
Aluminium chlorido 

AI(S()J.,H-Na.^S 04 + 24H.p 

917 

110 

r.s. 

A]. 4 CI«( + 12 H 20 ) 

20 . 0-8 

400 


„ hyilroxide 




(alumina) . 

Alj(OH), 

J.'i.VS 



nitrato 

1 I 5 K. 4 O 

694-7 

Jiiqueiles 

— 

„ {ihoKphato . 

AIjCPO.).. 

214 

i. 

i. 

„ Bulpliatti 

AMSO^Ih + ISII.^O 

6(51-8 

85 

1130 

Ammonia 

NHa 

17 

105 

97 vo). on 
100 “ 

Ammonium carbonate, 





norm. 

(NHJaCOa + H.O 

114 

r.s. 

r. 8 . 

Ammonium carbonate, 




prim. 

(NH.jHCO, 

79 

25 

Decomp. 

Ammonium chloride (euI 





atnmon.) 

,, phosphate 

NHjCI 

.vs-ss 

3.3 parts 
at 10 “ 

73 parts 
at 100“ 

(dry) 

(NTI.yil’O. 

132 

25 

r.s. 

„ sulphate 

(NM.ISO. 

132 

76 

98 

Antimony chloride 

Sl)('l 3 

2-25-7 

r.s. 

Decoinp. 

„ pentHSulphide 

8 tiA 

399 

i. 

i. 

„ trisulphido . 

Sb„S.< 

335 

i. 

i. 

Aotimonic acid 

llShO.. 

108-.5 

e.s; 

8 . 8 . 

Antimonious acid . 

IlSbO.^ 

1.52-5 

i. 

i. 

Arsenic.... 

As.,(),, 

198 

4 

9-5 

„ disulphide 

AS. 2 S,, 

214 

i. 

i. 

„ trisulphidc 

As./., 

245-2 

i. 

i. 

Barium carbonate. 

BaCO., 

197 

i. 

i. 

„ chloride . 

BaCl-^+^HaO 

244 

33-4 parts 
at 10“ 

60 parts 
at 100* 

„ chromate , 

BaCrO^ 

253 

s.s. 

848 . 

„ sulphate . 

BaSO^ 

232-7 

i. 

i. 

„ sulphide . 

BaS 

169 

Uecomp. 

J>ocomp. 

Bleaching powder. 

OaOCI.. 

127 

6 S. 

— 

Boric acid . 


62 

4 

34 

Cadmium carbonate 

OdOOj 

172 

i. 

i. 

„ chloride 

CdCl.2-1-21120 

219 

140 

160 

„ nitrate . 

Ca(NO,).. + 4HjO 

307-3 

Liquefies 

— 

„ oxide . 

CdO 

128 

i. 

i. 

„ sulphate 

Cd.S 04 +414^0 

280 

95 

r.8. 

„ sulphide 

CdS 

144 

i. 

i. 

Calcium carbide . 

CaC., 

CaC()i 

64 

Decomp. 

Decomp. 

„ carbonate (chalk) 

100 

6 .8. 

B.S. 

„ chloride . 

caci.+ehjO 

219 

64 parts 
at 10* 

120 parU 
at 100® 

„ hydroxide. 

Cii(OH)j 

74 

0-14 part 
at 10* 

0-075 part 
at 100" 

„ metaphosphate. 

Cn(ro,). 

198 

i. 

i. 

„ phosphate, prim. 

CaH4(PO,)j+IIjO 

252 

Dcconip. 

i. 

Dccomp. 

i. 

„ „ sec. . 

CaHl *04 + 2H20 

172 

„ „ tert.. 


310 

i. 

_ 

M sulphate . 

CaS0j + 2H20 

172 

0-2 part 
at 0* 

0*21 part 
in 100* 
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TaDle II .—conlinued 


Natoo. 

Formula. 

Mole. 

cular 

8 oluhlhly in 100 l^ta 
of Water, 



•Wciylit. 

Cold. 

Hot. 

Carbon dioxide 

OO.J 

44 



„ disulphide. 

C.S, 

76 

0*2 ports 
at 0“ 

1*4 :10,000 
at 60“ 

Chromium chloride 

Ci-CI^ 

123-2 

s. 

s. 

„ liydroxide . 

Cr.,(OJi),+4rr.jO 

279 

i. 

i. 

n oxide . 

Ci'A 


i. 

i. 

„ sulphate 

CV.,(.SO,), + 18H.jO 

717 

s. 

s. 

Oopi>er acetate (verdi- 




grip) . 

Cu(o.,irA)2+H,o 

199 

1 

20 

„ carbonate (malu' 




chite) . 

Cu(:Os+c)u(OH),j 

221 

i. 

i. 

„ carbonatH(n)oun> 




tain blue) 

2 ((;u(!(\) + rii(oii).j 

344 

j. 

i. 

„ piilpbate . 

CuSO^H .oii.p 

24 9 T) 

40 

203 

Hydrochloric nciil. 

1101 

36-4 

525 1 V. 

_ 

Iron dichloride (ferrous 





chloride) 

FeC)._. + 4If.^0 

199 

130 

r.s. 

„ hydroxide (ferric). 

Fe.,(OH), 

214 

i. 

I. 

„ oxide (hematite) 




(ferric) 


160 

i. 

i. 

„ (ferrous) 

FeO 

72 

i. 

i, 

„ perchloride (ferric 





chloride) 


325 

Lifiuefies 

_ 

„ protohydroxide (for* 



rous) . 

F«(OH)a 

90 

i. 

i. 

„ sulphate (ferric) . 

l<'e(.S0,), + 9II.,0 

562 

r.s, 

biquefies 

t. u (ferrous). 

FoSO, + 7H.,() 

273 

60 

333 

Lead acetate, neiitr. 

„ carbonate, neutr. . 

Fb((\Hj0.j)j 

_ 

r.H. 

r.H. 

I'bCOj 

206 

i. 

II 11 bas. 





(white lead) 

2PbOO,,!>b(OII). 

772-9 

i. 

i. 

„ chloride 

rbci. 

277 

0-74 

6 

„ chromate 




(“chromes ”) 

rbC^rO^ 

323 


i. 

„ Jiydroxide . 

Fb(OH)a 

241 

H.S. 

s.s. 

„ nitrate. 

Pb(NO,)i 

330 

48 parts 
at 10“ 

1.39 part^ 
at 100“ 

„ oxide . 

PbO 

222*4 

1 . 


„ phosphate . 

„ sesqiiioxide (red 

i>bj(l-0()j 

808-8 

— 


lead). 

PhA 

460*7 

i. 

j. 

„ sulphate, neutr. . 

PliSO. 

PbS 04 .Pb 0 

302 

S.H. 

s. 

»» t. bas. 

Magnesium carbonate . 

624*7 

B.8. 


MgCO-, 

84 

i. 

i. 

„ chloride 

MgCI, + 6HjO 

203*3 

130 

867 

Mercury sulphide (ver- 



mllion) . 

HgS 

232 

i. 

i. 

Nitric acid . 

UNO, 

63 

en 


Potassium bichromate . 

»t carbonate 

K 2 Crj 07 

295 

12 4 parts 
at 20“ 

94 

(potash) 

KjCO. + alTjO 

174 

r.s. 


„ chlorate (Ber- 




tholet'ssalt) 

KCIO, 

122*5 

6*5 

60 

t, chloride 

KCl 

74*6 

82 

67 
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Table 11.—continued 


Name. 

Formula. 

Mole¬ 

cular 

Solubility 111 100 Parts 
of Water. 



Weight. 





Cold. 

Hot. 

Potassium nitrate (salt- 





petre). 

KNO^ 

101 

25 

200 

„ permanganate 

K.MnO^ 

168 

6*5 


„ sulphate 

K„S0. 

174 

12*5 

26 

Sodium acetate . 

NaCaH3b,+3H.p 

136 

33 

200 

„ aluiiiinate. 

Na 2 AI .^04 

164 



„ • bichromate 


299 

Liquefies 


„ borate (borax) . 

NiiaB,(),+ 

382 

6 

200 

„ carbonate {soda, 


cryst.) . 

„ carbonate (soda, 

NiijCOj + lOH./) 

286 

21 

420 

calc.) 

„ chloride (com* 

Na.,C 03 

106 

7 

45 

mon salt) 

,, chromate . 

Na(-l 

Na.,Cr 04 + 10 H.p 

58-r, 

342-ri 

35 

r.s. 

38 

r.s. 

„ hydroxide(caus* 

tic soda) 

NaOH 

40 

60 

210 

„ hydrosulphide , 

NaHS -l 2H.,0 

92 

Liquefies 


„ nitrate (soda, 



saltpetre) 

„ nitrite (“ ni* 

NiiNOj 

85 

80 

200 

trite”) . 

NaNOa 

69 



„ phosphate, meta- 

NaPO^ 

102 

i. 


M „ norm 

Nii,,l'0, + 12H„0 

380 

20 


M V pi’iin- 

NaH2l'04+4H.j0 

191*7 



11 M sec. . 

Na.,(m).+ 12H,,0 

358 

3 

96 

„ pyrophosphate. 

Na,r,0, LlOII.,0 

416 

10 

93 

„ silicate 

NiwSiO^ 

122*5 

s. 

M (silicate 



of soda) 

NnoSiO^ 

303 *G 

q 

s. 

„ sulphate ((ilau- 


l)cr salt), 

Nii,SO, +1011,0 

322 

5 parts 

42*5 

„ sulphide . 





Na,S( + 0H,O) 

*210 


g 

Sulphuretted hydrogen . 

Sll, 

31 

1 :1 37 v.O^ 

3*i^^ V, 15* 

Sulphuric acid, cone. 

H,SO, 

98 


M fuming . 

Tannic acid (digallic 

1I,S,0, 

178 

Decomp. 

Decomp. 

acid). 

Tin chloride. , 

C'nHjnOy 

BnCI^ 1 2 M 2 O 

322 

226 

Pure, r.s. 
271 

Pure, r.s. 
Decoiu]). 





with much 

„ tetrachloride , 

SnOl^ 

260 

Docomp. 
with much 

water 

id. 

Water .... 





}ip 

18 



Zinc acetate . 


237 

r.s. 

r.B. 

„ carbonate 

ZnCO, + 7H,0 

143 


„ chloride 

ZnClg 

136 

300 


„ hydroxide 

Zn{OH), 

99 

i. 

„ oxide (kiuc white). 

„ sulphate. 

ZnO 

ZnS04-i-7H.40 

81 

287 

S.8. 

135 

665 

„ sulphide (component 

of lithopone) . 

ZnS 

97 

1 . 

i. 
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Table III.—VOLUME WEIGHT OF CAUSTIC SODA AT 15° C. 
(LUNGE) 


SiH'CtflC 

Weight. 

Dcgroc B. 

XiiOll 
pur t'ent. 

8|K>cMIc 

Weight. 

l>egreo B. 

NnOif 

IK'r ('cut. 

1*007 

1 

0*61 

1 -220 

26 

19-58 

1014 

2 

1-20 

l-*23l 

‘27 

20-59 

10*22 

:i 

2-00 

1-241 

28 

21-12 

1-029 

4 

2-71 

1*252 

29 

22-64 

1-036 

5 

3-3.5 

1 *263 

30 

23-67 

1-045 

6 

4-00 

1-274 

31 

24-81 

1 -0.V2 

8 

4-64 

1 -*285 

32 

25-80 

1-060 

7 

5-29 

1 -297 

33 

26-83 

1 067 

9 

5-87 

1 -308 

34 

27*80 

1-075 

10 

6-55 

1*320 

35 

28*83 

1*083 

11 

7*31 

1 -.332 

36 

29*93 

1-091 

12 

aS-00 

1-345 

37 

31*22 

1*100 

13 

8-68 

1-357 

38 

32*47 < 

1108 

11 

9-42 

1*370 

.39 

33*69 

1*116 

1.5 

10-06 

1 *383 

40 

34-90 

1125 

16 

10-97 

1*397 

41 

36*25 

1134 

17 

11 *84 

1*410 

12 

37-47 

1*142 

18 

12 64 

1-424 

43 

38 80 

1-152 

19 

13-:»5 

1 -438 

44 

.39*99 

1*16*2 

20 

14-37 

1-453 

45 

41*41 

1*171 

‘21 

15-13 

1-468 

46 

42*83 

1180 

22 

1.5-91 

1-48.3 

47 

14-38 

1190 

23 

16-77 

1-498 

IS 

46'ir» 

1-200 

‘24 

17-67 

1-5H 

49 

47-60 

1-210 

25 

18-58 

1-530 

50 

49-02 


I^ote on TahU HI .—Asfmniinff that 23 kjj. of dry caustic soda (NaOH) aro reijnlred to 
precipitate completely a given quantity of copper sulphate, and that a Kolutlon of the 
former of unknown strength is at disi>osat, how much of this solution corresponds to the 
23 kg. oi dry caustic soda required 1 Supposing the solution i.s of 33° li. strength, then, 
according to the above tabic, it will contain 26*83 parts of dry caustic soda per 100 
parts. From this the quantity of solution corresponding to 23 kg. of dry caustic soda can 
be calculated according to the equation 26*8 : 100 = 23 : ic. 

23:100 

X = - = 85*8 kg. of caustic soda. 


If an areometer is not at disposal the same result is obtainable by means of the speciAc 
gravity. For this purpose an accurately weighed small glass bottle containing 100 c.c. 
when nlled up to the mark is Ailed with the caustic soda in question, and the weight of this 
solution is ascertained. If the liquid (less tare) weighs 1297 grins., theu the speciAc 
gravity of the liquid is 129*7 divided by the number of cubic ceutimetres, or in our 


129-7 

100 


= 1*297. 


By the aid of Table III. we And that a caustic soda solution of this speciAc weight 
contains 26*83 parts by weight per 100 parts, and corresponds exactly to 83° B. 
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Table IV.-SPECIFIC GRAVITV AND PERCENTAGE CONTENT 
OF SODA SOLUTIONS AT 15" C. (LUNGE) 


Ppeclflc Oravlty. 

B. 

I’wwiiitfltje Weight. 

Soda, Calcined. 

Soda, CrystulB. 

1007 

1 

0-67 

1-807 

1-014 

2 

1-33 

3-587 

1 -022 

3 

2-09 

r.-6:37 

1 -029 

4 

2-76 

7-444 

1 -om 

6 

3-43 

9-251 

1-046 

6 

4-29 

11-670 

1 -062 

7 

4-94 

13-323 

1-060 

8 

6-71 

16-400 

1-067 

9 

6-37 

17-180 

1‘0?5 

10 

7-12 

19-203 

1-083 

11 

7-88 

21-252 

1'091 

12 

8-62 

23-248 

MOO 

13 

9-43 

26-432 

M08 

14 

10-19 

27-4K2 

M16 

16 

10-95 

29-532 

1-126 

16 

11-81 

31-851 

M34 

17 

12-61 

34-009 

M42 

18 

13-16 

35-493 

1-J62 

19 

J4-‘24 

38-405 


Table V.—SPECIFIC GRAVITY AND PERCENTAGE CONTENT OF 
GLAUBER SALT SOLUTIONS AT 1!)" C. (SCHIFF) 



IVrcenlage. 

Specific 

Gravity. 

rorcentage. 

Specific 

Gravity. 

I’ercentage. 

( 

Sjieclflc 

Gravity. 

Calcined 

(•ltinbi>r 

Salt. 

Crystal- 

Used 

(ilnHlier 

Salt. 

Calcined 

GlanlNir 

Salt. 

Crystal- 

Used 

Glanlier 

Salt. 

Calcined 

Gluiilter- 

Salt. 

Crystal- 

liited 

Glauber 

Salt. 

1 *0040 

0-441 

1 

1 -0439 

4-861 

11 

1-0849 

9-261 

21 

1-0079 

0-881 

2 

1-0479 

6-292 

12 

1-0890 

9-702 

22 

1-0118 

1-323 

8 

1 -0620 

5-673 

13 

1-0931 

10-143 

23 

1-0168 

1-764 

4 

1-0660 

6-174 

14 

1-0973 

10-584 

24 

1-0198 

2-206 

6 

1-0601 

6-615 

15 

1-1016 

11-026 

25 

1 -0238 

2-646 

6 

1-0642 

7-056 

16 

1-1057 

11-466 

26 

1 -0278 

3-087 

7 

1-0683 

7-497 

17 

1-1100 

11-907 

27 

1-0318 

3-628 

8 

1-0725 

7-938 

18 

1-1142 

12-348 

28 

1-0358 

8-969 

9 

1-0766 

8-379 

19 

1-11^4 

12-789 

29' 

1-0898 

4-410 

10 

1-0807 

8-820 

20 

1-1236 

13-220 

30 
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Table VI.—SPECIFIC GRAVITY AND PERCENTAGE CONTENT OF , 
SOLUTIONS OF ALUMINIUM SULPHATE AT U.'' C, 


SpeoiOc 

Gravity. 

ppr Cent. 

.‘'IK'ClfiC 

(ipuvity. 

per Cunt. 

S|k>uirtc 

(iravity. 

pur ('unt. 

StMJCiflO 

Gravity. 

AI<i( 804)8 
per Ceut. 

1-0170 

1 

1-0870 

8 

1-1467 

14 

1 -2074 

20 

1 -0270 

2 

1 -0968 

9 

1-1,071 

1.0 

1-2168 

21 

1 0370 

3 

31071 

10 

riiiiss 

16 

1-2-274 

22 

1 -0470 

4 

1-1171 

11 

1-1770 

17 

1-237C 

23 

i-or.69 

5 

1-1270 

12 

1-1876 

18 

1-2473 

24 

1-0670 

1 -0768 

0 

7 

1-1369 

13 

1-1971 

19 

1-2573 

25 


Table VII.—SPECIFIC GRAVITY AND PERCENTAGE CONTENT 
OF SOLUTIONS OF ZINC SULPHATE AT 16" C. (GERLACH) 


Specific Gravity. 

/n804 
pur (.’cut. 

ZiiSOj 
h 7H./> 
IHir Cum. 

Siicctllc Gravlly. 

ZnSO^ 
pur Cunt. 

/nS 04 
r 7Aq. 
pur Cunt. 

1 -0288 

■i-80.5 

5 

1-231.0 

19-637 

36 

1 -0593 

.0-611 

10 

1-2709 

22 443 

40 

1-0905 

8-416 

1.0 

1-3100 

25-248 

45 

1-1236 

11-220 

20 

1 -3.032 

•28-054 

60 

1-1.574 

14-027 

25 

1-3986 

30-8.09 

65 

1-1933 

16-832 

30 

1-4451 

33-664 

60 


Table VIII.-SPECIFIC GRAVITY AND PERCENTAGE CONTENT 
OF ZINC CHLCUIDE SOLUTIONS AT 19 5" C. 


Specific 

Gravity. 

ZnCIa 
per Cent. 

Specific 

Gravity. 

ZuCla 
pur Ceut. 

Spucifio 

Gravity. 

ZnCla 
jvr Cent. 

Spociflo 

Gravity. 

ZiiCI, 
pur Cuut. 

1*045 

.0 

1-186 

20 

T352 

35 

I'.OBG 

60 

1-091 

10 

1-238 

25 

1-420 

40 

1-660 

66 

X-137 

15 

1 291 

30 

1-488 

45 

1-740 

60 
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Table IX.—SPFXIFIC GRAVITY AND PERCENTAGE CONTENT OF 
SOLUTIONS OF COPPER SULPHATE AT 17“ C. 


6 |)ocino 

(Jmvity. 

CU 8 O 4 
5A<|. 
|K)r Cent. 

SiweiHc 

Gi-avUy. 

CuS 04 
TiAq. 
iwr Cent. 

Spcciflc 

Gravity. 

(UJaSO* 

BAq. 

lier Cent. 

Bpeclflc 

Gravity. 

Ca804 
bAq. 
per Cent. 


2 

I-OfilG 

8 

1-0933 

14 

1*1354 

20 


4 

1 *0(149 

10 

1*1063 

16 

1*1501 

22 

1 0384 

6 

1 -orgr. 

12 

1*1208 

18 

1*1659 

24 


Table X.—SPECIFIC GRAVITY AND PERCENTAGE CONTENT OF 
SOLUTIONS OF FERROUS SULPHATE AT 15“ C. 


8 peciflc 

Gravity. 

F 0 SO 4 
+ 7Aq 
|K‘r Cent. 

Specific 

Griivlty. 

F 0 SO 4 

4 7Aq 
per Cent. 

Specifle 

Gravity. 

F 08 O 4 
+ 7Aq. 
per Cent. 

Specifle 

Gravity. 

FC8O4 

4- 7 Aq. 
per Cent. 

1*011 

2 

1*043 

8 

1 *082 

1.5 

1*174 

30 

1*021 

4 

1 •or>4 

10 

1*112 

20 

1*206 

35 

1*03*2 

6 

1*065 

12 

1143 

2.5 

1 *239 

40 


Table XL—SPECIFIC GRAVITY AND PERCENTAGE CONTENT OF 
BARIUM CHLORIDE SOLUTIONS AT 21-5“ C. 


Specifle Gravity. 

lia(;i24 2 H 2 O 
per Gent. 

Specific Gravity. 

BaCla4-«I{^ 
per Cent. 

1*0073 

1 

1*1302 

16 

1*0147 

2 

1 1394 

17 

1*0222 

3 

1*1488 

18 

1*0298 

4 

1*1584 

19 

1*0374 

5 

1*1683 

20 

1*0452 

6 

1*1783 

21 

1*0530 

7 

1*1884 

22 

1*0610 

8 

1*1986 

23 

1*0692 

9 

1*2090 

24 

1*0776 

10 

1*2197 

25 

1*0861 

11 

1*2304 

26 

1*0947 

12 

1*2418 

27 

1 1034 

13 

1*2523 

28 

11122 

14 

1*2636 

29 

1*1211 

15 

1*2760 

80 
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Table XII.—SPECIFIC GRAVITY AND PERCENTAGE CONTENT 
OF LEAD ACETATE SOLUTIONS AT 20° C. (F. SALOMON) 




(irms. in 
100 c.c. 

Specific 

Gravli.v. 

OruB. in 

100 C.C. 

Specific 

Grsvltjr. 

Grins, in 
100 e.o. 

Sixseiflc 

Gravity. 

1 

1-0062 

14 

1 0870 

27 

1-1663 

40 

1 '2440 

2 

1-0124 

lf> 

1-0932 

28 

1-1723 

41 

1-2499 

3 

1-0186 

10 

1 -0994 

2 ‘J 

l-li83 

42 

1-2568 

4 

1-0-248 

17 

1-1056 

30 

M844 

43 

1'2617 

6 

1-0311 

18 

1-1118 

31 

1-1903 

44 

1-2676 

6 

1-0373 

19 

Ml 80 

32 

M963 

45 

1 -2736 

7 

l'043r> 

20 

M242 

33 

1-2022 

46 

1-2794 

8 

1-0497 

21 

1-1302 

34 

1-2082 

47 

1 -2863 

9 

i-or>59 

22 

M362 

35 

1-2142 

48 

1 2912 

10 

1-06-22 

23 

Ml‘22 

36 

1 -2201 

49 

1 -2971 

11 

1-0684 

24 

1-1482 

37 

1 -2261 

60 

1-3080 

12 

1-0746 

26 

1-1543 

38 

1-2320 



13 

1-0808 

26 

1-1603 

39 

1-2380 
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Table XIII.—co»(m«crf 


Spccifle 
Gravity at 

4® 

(irt vacuo). 

Degrees 

n. 

Tcrccntago Cooteat of 

1 Litre coQtaiae Kg. 

IICI. 

AcJd 20® B. 

IICI. 

Add 2l)'> B. 


16-5 

25-76 

80-21 

0-291 

0-906 

M86 

. 17-1 


83-18 

0-303 

0-944 


17-7 

27-66 

86-17 

0-315 

0-982 

M42 


28-14 

87-66 

0-322 


M46 

18-3 

28-61 

89-13 

0-328 

1-021 


18'8 

29-57 

92-11 

0-340 

1-059 

1'162 




0-315 


1-155 

19-3 


95-17 



1-160 

19-8 

31-5)2 

98-19 


3 -139 

M627 


32-10 



1-163 

1-165 


32-49 

101-21 

0-379 

1-179 


20-9 

i^^EsZ^^H 

104-24 

0-392 


M71 

210 

33-65 

104-82 

0-394 

1-227 

1-176 

21-4 

34-42 

107-22 

0-404 

1-260 


22-0 

35-39 

110-24 



1-186 

22-6 


113-11 

0-430 



23-0 

37-23 

115-98 

0-443 


1-195 

23-5 

38-16 

118-87 

0-456 

1-421 


24 0 

39-11 

121-84 

0-409 

1-462 


Table XIV.—SPECIFIC GRAVITY OF NITRIC ACID AT 15“ C. 


Specific Gravity. 

Degrees B. 

100 Tarts 
coiUiUn gruis. 
ll.Vd,. 

Specific Gravity. 

Degrees B. 

1 (JO Tarts 
contain gnos. 
UNO3. 

1-007 

1 

1-5 

1-231 

27 

37-0 

1-014 

2 

2'6 

1-242 

28 

38-6 

1-022 

3 

4-0 

1-252 

•29 

40-2 

1-029 

4 

5-1 

1-261 

30 

41-5 

1-036 

5 

6-8 

1-275 

3L 

43-6 

1-044 

6 

7-6 

1-286 

32 

45-0 

1-052 

7 

9-0 

1-298 

33 

47-1 

1-080 

8 

10-2 

1-309 

34 

48-<$ 

1-067 

9 

11-4 

1-321 

35 

507 

1-075 

10 

12-7 

1-334 

36 

62-9 

1-083 

11 

14-0 

1-346 

37 

65-0 

1-091 

12 

15-3 

1-359 

38 

57-3 

1100 

13 

16-8 

1-372 

89 

69-6 

1-108 

14 

18-0 

1-884 

40 

61-7 

1-116 

15 

19-4 

1-398 

41 

64-5 

M25 

16 

20-8 

1-412 

42 

67-6 

1-184 

17 

22-2 

1-426 

43 

70-8 

1-143 

18 

23-6 

1-440 

44 

74-4 

1162 

19 

24-9 

1-464 

45 

78-4 

1-161 

20 

26-3 

1-470 

46 

83-0 

1-171 

21 

27-8 

1-485 

47 

87-1 

1-180 

22 

29-2 

1-601 

48 

92-6 

1-190 

23 

30-7 

1-616 

49 

96-0 

1-199 

24 

32-1 

1-524 

49-5 

98-0 

1-210 

25 

83-8 

1-530 

49-9 

100-0 

1221 

26 

36-6 



1 
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Table XV.—SPECIFIC GRAVITY OF SULPHURIC ACID 
AT 15“ C. . 


Sp«clfle 

Gmvity. 

BegreeK 

B. 

I'ercpiitajfO 
of pure 
H3S(»4- 

Content of 
If^SO^inKgs. 
per Htn*. 

PjWClfift 

Gravity. 

DegpeeB 

B. 

Porccntas:o 
of pure 
U38O4. 

Content of 
11^804 (n Kgti. 
per I3tre. 

VOl 

1*4 

l-f.7 

0 016 

1-47 

41*1 

56*90 

0-837 


2-7 

3*03 


1*48 

46*8 

57*83 

0*866 


4*1 

4*49 


1*49 

47*4 

68*74 

0*876 


f>*4 

6*96 

0*062 

1*50 

48*1 

59*70 

0*896 

1-06 

6-7 

7*37 

0*077 

1*61 

48*7 

60*65 

0*916 

l-O'O 

■!b« 

8*77 

0*093 

1 *52 

19*4 

61*69 

0*936 

1 07 

9*4 

10*19 


1*53 

50 0 

62*53 

0*957 

1’08 

10-6 

11*60 

0*126 

1*54 

50*6 

63*43 

0-977 

1-09 

11*9 

12*99 

0*142 

1*55 

61*2 

64*28 

0 996 

■Eca 

13-0 

14*35 

0*158 

1*58 

51*8 

65*08 

1 *016 

1-11 

14*2 

15*71 

0*175 

1-67 

52*4 

65*90 

1*025 

112 

15*4 

17*01 

0*191 

1*68 

63*0 

60*71 

1*064 

M3 

16T) 

18*31 


1*59 

53*6 

67*69 

1*075 

M4 

17*7 

19*61 

0*2*23 

1*60 

64*1 

68*61 

1*096 

M5 

18-8 

20*91 

0*239 

1*61 

54*7 

69*48 

1*118 

M6 

19*8 

22*19 

0*257 

1*82 

55*2 

70*82 

1*189 

1-17 

KEa 

23*47 

0-275 

1*63 

56*8 

7M6 

.1*160 

M8 

22*0 

24*76 


1*64 

66 3 

71*99 

1*181 

1*19 

23*0 

26*04 


1*65 

66*9 

72*82 

1*202 


24*0 

27*32 

0*328 

1*66 

57*4 

73*64 

i-22a 

1*21 

26*0 

28-68 

0*346 

1-67 

57*9 

74*61 

1*214 

1'22 

26*0 

29*84 

0*384 

1*88 

58*4 • 

75*42 

1*267 

1*23 

26*9 

31*11 

0*382 

1*69 

58*9 

76*30 

1*280 

1*24 

27*9 

32*28 


1-70 

59*5 

77*17 

1*312 

1-25 

28-8 

33-43 

0*418 

1*71 

80*0 

78*04 

1-334 

1-26 

29*7 

34*57 

0*435 

1*7*2 

80*4 

78*92 

1*867 

1-27 

30*6 

35*71 

0*454 

1-73 

60*9 

79*80 

1-381 

1-28 

31*6 

36*87 

0*472 

1-74 

61*4 

80*68 

1*404 

1’29 

32*4 

38*03 


1*75 

61*8 

81*56 

1*427 

1*30 

33*3 

39*19 


1-76 

82*3 

82*44 

1-461 

1‘31« 

34*2 

40*35 

0*5*29 

1*77 

6 ‘2*8 

83*32 

1*476 

1-32 

35 0 


0*548 

1*78 

63*2 

84-50 

1*504 

1*83 

35*8 

42*66 

0*687 

1-79 

63-7 

85*70 

1*534 

1*34 

36*6 

43*74 


1*80 

64*2 

86*90 

. 1*664 

1*36 

37*4 

44*82 


1*81 

64*8 

88*80 

1-598 

1-36 

88*2 

45*88 

0*624 

1*82 

65*0 

90*06 

1*639 

1'37 

39*0 

46*94 

0*643 

1*822 

65*1 

90*40 

1*647 

1*38 

39*8 


0*882 

1*824 

66*2 

90*80 

1*656 

1‘39 

■liKl 

49*06 

0*682 

1*826 

65*3 

91*25 

1*666 

■ELI 

41*2 

60*11 


1*8*28 

65*4 

91 *70 

1*676 

1*41 

mvem 

61*15 

! 0*721 

1*831 

65-6 

92*30 

1*690 

1-42 

42-7 

62*16 


1*833 

65*6 

92*75 

1-700 

1*43 

43*4 

63*11 

0*759 

1*835 

66*7 

93 43 

1*713 

1-44 

44*1 

54*07 

0*779 

1*838 

65*8 

94*80 

1*739 

1*45 

1*46 

44*8 

45*4 

55*03 

65*97 

0 798 
0*817 

1*840 

65*9 

96*60 

1*769 
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Tabl* XVI.-SPECIFIC GRAVITY OF FERRIC CHLORIDE (FRANZ). 


Speel&o Omrlty. 

Fu,)Cle. 
per Cunt, 

Specific Gravity. 

KesCIfl 
per Cout. 

Specific Gravity. 

Kt-aCIe 

Iier Cent. 

1-015 

2 

M75 

22 

3-387 

42 

1-029 

4 

1-195 

24 

1-412 

44 

1-044 

6 

1-216 

26 

1-437 

46 

1-069 

8 

1-237 

28 

1-462 

48 

1-073 

10 

1-2.57 

30 

1-487 

60 

1-089 

12 

1 278 

32 

1-515 

52 

1-106 

14 

1-299 

34 

1-544 

54 

1-122 

16 

1-320 

36 

1-573 

56 

1-138 

18 

1-341 

38 

I -602 

58 

1-169 

20 

1-362 

40 

1-632 

60 


USE OF THE ACID TABLES 

Examfle .—10 kg. sulphuric auici, 66° B. arc required, and an acid of 52° B. strength is 
at disposal. What (|uantity of this latter will corre8i)ond to the reiiuired weight 'I 
By the aid of Table XV. we hnd that 10 kg. of sulphuric acid, CC° B. (65'9), contain 
9'56 kg. of pure acid. According to the table, 10 kg. sulphuric acid, 52° B., would 
correspond to 6'608 of pure sulphuric ticid. In order to obtain the 9 56 kg., therefore, the 
quantity needed is found by the following equation: 

6-508 : 9-660 = 10 : ® ; or .i- = = *"5* =H-5 kg. of JljSO^ (5-i" B.). 








